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1Introduction

The Port Quendall development project is a proposed development of several
former industrial properties located on the shore of Lake Washington at the
mouth of the May Creek drainage. The locations of the properties are shown in
Figure 1-1 and include the Baxter North and South Parcels, Quendall Terminals,
Barbee Mills, and Pan Abode.

This report presents the modeling effort performed to sUPQgrt thc;.~()rt Quendall
Feasibility Study (FS)(RETEC, 1997c). This effort const~<i offlRevelopment of
two primary models for the site: 1) a three-dimension ..... ' ical groundwater
flow model with particle tracking; and 2) an ar{aIytical fa~;~·'·".".sport model;
These models were developed to evaluate the effectiveness OeV@iOllS remedial
alternatives considered for the project. These remedial alternati.v~;:mclude

various configurations of containment walls, an aeration system, source-removal
and groundwater extraction associated with -contaminated groundwater
containment.

,._~;~ J:':~--

The three-dimensional hydraulic model';;vVaE::~evelopeli~ev.a1uategroundwater
flow conditions (the effect of various;sirrrliIateG.:remedial~aiternatives).Estimates, "

of groundwater flow rates and particle tracking resultseobtained from the three-
dimensional model were used as input to the fate ~r).d transport model. The fate
and transport model was ,{Used tosprovidesestimates of assumed point of
compliance (APOC) ~assumea point<tof exposure (APOE) chemical
concentrations as a function of tlrerremedial alternatives evaluated.

1.1 MoBeling OBjectives;
The groundwater modeling.serves to evaluate the remedial alternatives. The level
of detail inthe;model and-themodeling effort are limited to the level of analysis
sufficient to achieve this purpose.

7"::,,-;':;\i~-:':

The groundwater model was developed according to existing site conditions.
Once the model was calibrated to average and existing water levels, it was used

to predict the remedial benefit ofthe various alternatives presented in Table I-I.
The remedial alternatives were evaluated in terms of groundwater travel time from
the defined source areas to the APOE (point of groundwater discharge to Lake
Washington), pumping rates required for groundwater capture and resulting flow
patterns. The model was also used to predict dewatering rates required for source
removal.

Draft - for discussion purposes onlY. Do not release without written approval from the Port Quendall Company.
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Port Quendall Groundwater Modeling and Analysis a/Alternatives

Table 1-1 Remedial Alternatives Modeled

Three Flow Barrier Locations
~ Upland wall (along existing shoreline)
~ Nearshore fill area (0.5 acre)
~ Nearshore confined disposal facility

(CDF) fill area (2.9 acre)

Two Wall Depths
~ 30 ft
~ 50 ft

Aeration (biosparging)

Natural Attenuation

Source Removal

Groundwater Extraction
~ Hydraulic Con~nql,~~t

~ Dewatering for Excavltion

..,"~- . ,

1.2 Port Quendall MQ.~eling?BackgrB"und
Site data are of a suffici~nf quantio/ and q~ity to justify a three-dimensional
modeling approach. 1\J\e conceptual sites-model is based on extensive site
investigations by Remediation '(~()logies,Inc. (RETEC), Hart Crowser (1996),
and'Woodwaf~.~~lM4~ Consultants (1990). The site hydrogeological
interp~~tapon has.beent~apolated from site boundaries to model boundaries
using additional sources.of.information including Department of Transportation
(DOT)b9J:ing~i,localwe1Uogs, and published regional geological interpretations.
The~ati~~Q.g~,~~the model domain beyond the site domain is necessary to
minimize the:~updaryeffects on the various alternatives being modeled, Water
level data have been compiled and analyzed to characterize the seasonal variations
and provide coverage for the entire model area.

Hart Crowser (1996) completed a draft remedial investigation for the Quendall
Terminals property that includes a two-dimensional flowpath model. The
objective of this work was to simulate the groundwater system, estimate the depth
of vertical flow components, and estimate the distance from the shore that the
lake environment might be affected by contaminated groundwater discharge.

Draft - for discussion purposeson{y. Do not release without written approvalfrom the Port Quendall Company.
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Port Quem/all Groundwater Modeling and Analysis ojAlternatives

Woodward-Clyde Consultants' remedial investigation of the Baxter property
(1990) did not include a groundwater modeling effort. However, some hydraulic
testing was conducted.

RETEC developed a three-dimensional numerical groundwater flow model and an
analytical fate and transport model for the Port Quendall Company. These
models can be used to predict the effect of the remedial alternatives on
groundwater flow patterns and contaminant transport. Specific issues
investigated include: the feasibility of installing an aeration treatment system, the
depth and horizontal alignment of a proposed containment wall, theseffectiveness
of source removal, the pumping rates associated with a b::1~up,:p1imp-and-treat

system, and chemical fate and transport under pre,..:}~d1hpost-remediation

conditions.,,,,

The modeling effort presented herein is based on the scbpe of worksdocumerued
in several memoranda and correspondences. Al)!eliminary modeling memo was
submitted to Ecology in April 1997. The memorandum, Ecology comments
(Ecology, 1997) and the subsequent response;to!!pcology comments (RETEC,
1997b) are provided in Appendix A9 andcompfise':th~seope of work.

1.3 Disclaimer
As described in the FS state-led regulatory actions.are.in progress at the Baxter
and Quendall sites. The Port Quendall Company-due diligence work and FS are
separate from those state-led actions.

Any work or work product addressed in this document or cross-referenced herein
and performed or to beperformedby Port Quendall Company in the identified
Port. Quendall ..projestarea has or will be undertaken only for purposes of
determining the- feasibility of the Port Quendall redevelopment project. The
groundwater model was used to evaluate cleanup technologies under
consideration-for the Port Quendall redevelopment project. The modeling
assuITIPtiO.n~Jlf~.R,a§edon the technologies as evaluated in the FS. The modeling
assufuptions;;;used~in-this document are conservative and consistent with the
objectives of thc:PiEom.Quendall Company and the approach presented in the FS.
This analysis may not be applicable for other approaches to site cleanup or to

developments-with different land use plans.

Port Quendall Company and RETEC are submitting this document with the
understanding that no independent liabilities shall be assumed by Port Quendall
Company under MTCA or any comparable federal or state environmental laws
should Port Quendall Company elect not to complete purchase of the four
subject properties.

Draft - for discussion puposes only. Do not release without written approval from the Port Quendall Company.
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2!:!xdrogeologic Conceptual Model

2.1 Geologic and Hydrogeologic Setting
The Port Quendall development site is located on the east shore of Lake
Washington. An unnamed bluff rises to the east of the site and the Kennydale
Bluff rises to the south. May Creek flows across the site, discharging to Lake
Washington. Through time, May Creek's alignment has changed and its flow has
decreased significantly. Three layers of geologic significance are found below the
site; a layer of recent fill, a layer of sediments from both r..ake Washington and
May Creek, and a layer of older alluvial deposits associated With the May Creek
watershed. Figures 2-1 and 2-2 illustrate the geological'make"up of the site.

The layer of fill that covers the entire site is comprised of wood, silt, sand and
gravel, extends approximately 5 ft below ground surface (bgs), and-is-associated
with the industrial use of the property. The recent sediments associated with
Lake Washington and May Creek are located 5-30£t bgs. The layer is both
vertically and horizontally heterogeneous due to sedrtI1;~nt deposition from the
lake and the changing alignments of May Creek. The-layer-is comprised of silty
sands considered to be largely saturated. This layer is described as the silty peat
zone. Environmental investigations-indicate that most ofthe contaminant source
areas are located within the siltfipeat zone)

The layer of old alluvial d<t,P~sits associated with the May Creek drainage extend
from the toe of the two blUffs north and west into Lake Washington. The sandy
alluvial deposits extend from 30 to"iJ.l 0 ft bgs. This layer is described as the sand
zone.., Two recent geotechnical borings found a flowing artesian condition existing
at a deI?~h of 120ft bgs: This is likely indicative of a deeper regional flow pattern
that does not impact the local flow condition. By definition, the site
hydrogeology is isolated from this artesian condition. This isolation is further
supported when considering-that no other wells indicate an upward gradient.
Figu,res2-3.anci2-4 present the top and bottom of sand elevations in feet above
mean sea level.

2.2 Hydraulic Parameters

2.2.1 Hydraulic Conductivity
Hydrogeologic investigations of the silty peat zone have resulted in hydraulic
conductivity estimates ranging from 0.4 to 31.2 feet per day (It/day). The average
conductivity estimate for the silty peat zone is 8.2 ft/day. The heterogeneity

Draft - for discussion puposes on{y. Do not release without written approval from the Port Quendall Company.
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Port Quendall Groundwater Modeling and Analysis ofAlternatives

of the silty peat layer is reflected in the large range of the estimated values. The
lower estimates are associated with silt and clay lenses, whereas the higher values
are associated with sand lenses. Six wells are screened over both the silty peat
layer and a saturated portion of the fill zone; the conductivity estimates from
these wells were analyzed as part of the silty peat zone. Table 2-1 is a summary
of the available hydraulic conductivity estimates.

Two slug tests were completed in the sand layer and provide an estimated
hydraulic conductivity of 5.7 ft/day and 56.7 ftlday.

2.2.2 Effective Porosity «~-;~>1\.

'i~in;~--

Previous investigations have estimated the si1t)C!~~t layer:@",(i)~~~itybetween 0.28
and 0.32 (unitless) at the Baxter Property (Woodward Oydet'~~ns~tants,1990)
and 0.3 at the Quendall Terminals (Hart Crowser, 1996:), Ba~t!a~ort15ite data the
effective porosity of the sand layer is estimated betW~en 0.20 and ()125 at both
properties for modeling purposes.

2.3 Water Levels
Groundwater levels are relatively stablewithseasonal~atignsof less than 2 feet
in the sand zone and less than 3 feetin thefft§!Jty peat-layer. The groundwater
level fluctuation in the sand zone appears to..;~e~Q-9rni3:~tedby the water level in
Lake Washington, which is controlled to a coilsisten~annual cycle by the Army
Corps of Engineers. The water level fluctuationflnthe silty peat zone appears to

be affected by both the seasonal precipitation trends and the controlled lake
levels. The average shallow and deep water.elevations are illustrated in Figures
2-5 and 2-6, respectively. Site groundwater and lake levels from recent and
historical investigations are provided in Table 2-2. The data presented were
compiled from past reports (Hart Crowser, 1996; Geo Consultants, 1992;
Woodward-Clyde, 1990; <S,H2M Hill, 1978) and RETEC groundwater sampling.

2.4 Conceptual Model

2.4.1 Model Area
The model area is characterized as the entire May Creek alluvial fan extending
from the mouth of the May Creek Valley into Lake Washington bounded by the
two bluffs to the south and east. Figure 2-7 illustrates the groundwater model
area and includes ground surface and bathymetric elevation contours for
reference. This corresponds to a model domain of approximately 4,900 ft by
6,200 ft.

Draft - for discussion pUrposes onlY. Do not release without written approval from the Port Quendall CompallY.
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Table 2-1 Hydraulic Conductivity Estimates Based on Pumping Test and Slug Tests

Hyaraullc Depth bgs or
Conductivity Screen Geologic Unit as Assigned

Test Location ftlday Type otTest Interval Type ot Soil in Screened Interval by RETEC Source

BAX-IA 2.1 slug test 5 to 20 silty sand Fill and Silty Peat Zone HC
BAX-5 0.6 slug test 8 to 18 silty sand and sand Fill and Silty Peat Zone HC

BAX-8A 15 slug test 10 to 20 sand Silty Peat Zone HC
BAX-9 31.2 pumping test 5 to 15 silty sand with silty and clay layer Fill and Silty Peat Zone WCC

BAX-lO 1.5 slug test 10 to 20 sand and silty sand Silty Peat Zone He
BH-lO 3.4 pumping test 5 to 20 silty sand with layer of clayey silt Fill and Silty Peat Zone wee
BH-15 4.8 pumping test 5 to 20 silty sand Fill and Silty Peat Zone wee

BH-18A 0.6 slug test 4 to 14 silt Fill and Silty Peat Zone wee
BH-2A 1.1 pumping test ? to 20 silty sand with peat interbeds Silty Peat Zone wee
BH-6 8.8 pumping test 8 to 18 silty sand and silty clay with peat Silty Peat Zone wce
BH-8 0.4 pumping test 13 to 23 silty clay with layer of silty sand Silty Peat Zone wee

BH-19 15.6 pumping test 5 to 15 sand with layer of silt Silty Peat Zone wee
BH-25A 6.8 pumping test 9 to 19 sand and silty sand with layer of silt Silty Peat Zone wce
BH-12 2.2 slug test 13 to 23 sandy/clayey silt and very silly sand Silty Peat Zone wee

BH-17A 0.2 slug lest 6 to 16 sand to very silty sand with layer of silt Silty Peat Zone wee
BH-19 17.0 slug test 5 to 15 sand with layer of silt Silty Peat Zone wee

BH-20A 17.0 slug test 7 to 22 interbedded layer of silts Silty Peat Zone wee
BH-21 0.2 slug I cst 7 to 22 silt with small layer of sand Silty Peat Zone wee
WP-l 23.0 slug lest 2 to 3(1) sand Silty Peat Zone wee
WP-4 o.') sitI); test 2103(1) silt Silty Peat Zone wce
WP-5 20.1 slug test 2 to 3(1) sand Silty Peat Zone wec

BH18B 56.7 slug test 42 to 52 sandy gravel Sand Zone wee
BH-21B 5.7 slug test 42 to 52 gravelly f-m sand Sand Zone wee

Notes: I. Feet below mudline at offshore temporary well points.
He = Draft Remedial Investigation, Ouendall Terminal Uplands, Table 3-2. Hart Crowser Report, October 1. 1996
wee = Remedial Investigation Report,].H. Baxter, Renton, Washington Site, Vol I, Woodward Clyde Consultants, October 1996

Feasibility Stu~y Alternatives Analysis
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Table 2-2 Water Level Data

I'/Nt C}unuiAU MMdi"K l'ffiwtand tlna!VSis oftl/,m,a,i,'ts

, ~O'~»0~0Y;004;f~~~/f0/i~~~~f4/1d f4h+o~~kX~Y /"
"

/e/ -to$- ~~ ~ )1'. ~~ '.#'. ').? ")4" ~ '.;I ~.~ v 'c~ /.Jf 'Ji +~ 1;/"'; .# '.;I .~h 'oF -to$- ';'.-4' ../..; ..~
Lake Al;I: 13.2 13.3 14.7 15.1 13.8 13.4 13.2 13.9 14.7 15.1 15.1 14.6 14.3 13.9 13.4 13.2 13.2 14.2 14.8 14.8 15.1 Lake ACE 15.1 13.2 14.1 0.7 21 lAnny Corps of Engineers database
B-16 16.9 17.2 8-16 17.2 16.9 17.1 0.2 2 !LH 2M Hill. 1978 Baxter
B-17 24.0 24.2 B·17 24.2 24.0 24.1 0.1 2 CH 2M Hill. 1978 Baxter
8-18 19.6 19.1 B-18 19.6 19.1 19.4 0.4 2 ICH,M Hill. 1978 Baxter
B-19 18.6 19.3 8-19 19.3 18.6 19.0 0.5 2 CH~ Hill, 1978 1lalcr
8-20 14.8 14_7 8-20 14.8 14.7 14.8 0.1 2 ICH2M HOI. 1978 Baxter
8-21 14.7 1S.3 '-21 1S.3 14.7 15.0 0.4 2 1978 ......
18-22 17.0 17_3 B·22 17.3 17.0 17.2 0.2 2 ICH,M Hill. 1978 Baxter

8-24 15.1 14_7 B-24 15.1 14.7 14.9 0.3 2 CH,M Hill. 1978 Q.uendaII
8-25 18.8 18.7 B-25 18.8 18.7 18.8 0.1 2 l.H2M HJI. 1978 Quenda11

8-26 16.1 15.9 B-26 16.1 15.9 16.0 0.1 2 CH 2M Hill. 1978 Barbee Mills

B-27 19.2 19.2 B-27 19.2 19.2 19.2 0.0 2 CH 2M Hill. 1978 Barbee MiD.

B·28 15.1 15.9 B-28 15.9 15.1 15,5 0.6 2 CH,M Hill, 1978 BarbeeMill.

B·29 13.9 13.8 B-29 13.9 13.8 13.9 0.1 2 CH2M Hill, 1978 Barbee Mills

B-31 15.3 16.0 B-31 16.0 15.3 15.7 0.5 2 CH,M Hill. 1978 Barbee Mills

B-32 14.6 14.3 B-32 14.6 14.3 14.5 0.2 2 CH,M Hill. 1978 Barbee Mills
B-1 22.8 B·I 22.8 22.8 22.8 NA I Hart Crowser. 1985 Pan Abode
B-3 22.8 B-3 22.8 22.8 22.8 NA I Hart Crowser, 1985 Pan Abode
BAX·I 16.8 16.6 17.3 17.1 16.2 16.7 17.2 17.2 BAX-I 17.3 16.2 16.9 0.4 8 Hart Crcwser , 1985 & 1996; Woodward Clvde , 1990 & 1996 Baxter
BAX·IO 17.1 17.0 18.3 18.5 17.2 17.2 17.3 17.9 BAX·IO 18.5 17.0 17.6 0.6 8 Hart Crowser , 1985 & 1996; Woodward C1~'(je , 1990 & 1996 Baxter
BAX·II 16.8 16.6 17.5 17.4 16.1 17.0 16.7 17.2 BAX·ll I' .5 16.1 16.9 0.4 8 Hart Crowser , 1985 s, 1996; Woodward CI~de, 1990 s:1996 Baxter

BAX·1A 16.7 16.6 17.5 17.3 16.3 16.6 17.1 17.3 BAX-IA 17.5 16.3 16.9 0.4 8 Hart Crowser, 1985 s, 1996; Woodward C1~'de , 1990 & 1996 Baxter
BAX·5 14.2 l4.2 15.4 15.8 14.3 15,1 14.4 14.8 BAX-5 15.8 14.2 14.8 0,6 8 Hart Crowser, 1985 & 1996; Woodward Clvde . 1990 & 1996 Baxter
BAX-6 13.7 13.6 14.9 15.2 14.0 13.8 13.6 14.3 BAX-6 15.2 13.6 14.1 0.6 8 Hart Crowser, 1985 & 1996; Woodward C1~'de , 1990 & 1996 Baxter
BAX-7A 24.7 24.5 25.7 25.1 23.1 23.7 25.0 25.1 BAX-7A 25.7 23.1 24.6 0.8 8 Hart Crcwser . 1985 & 1996; Woodward CI~de , 1990 & 1996 Baxter
BAX-8A 15.4 15.3 16.2 16.6 15.4 15.5 15.5 15.9 BAX·8A 16.6 15.3 15.7 0.5 8 Hart Crow..r , 1985 & 1996; Woodward C1;'de, 1990 & 1996 Baxter
BAX-9 17.0 16.6 17.3 17.5 16.5 16.7 17.0 16.9 17.7 17.6 16.7 16.2 17.4 17.6 17.5 17.9 17.6 BAX·9 17.9 16.2 17.2 0.5 17 Hart Crowser, 1985 & 1996; Woodward C1~de • 1990 & 1996 Baxter
BH-12 19.0 18.6 18.9 15.5 17.6 19.5 19.4 18.0 BH-12 19.5 15.5 18.3 1.3 8 Hart Crowser . 1985 & 1996; Woodward CI~de , 1990 & 1996 Quendall
BH·17A 19.5 20.1 21.2 20.0 19.0 19.2 20.5 20.7 20.5 19.0 18.9 21.6 21.0 20.3 20.6 20.2 BH·17A 21.6 18.9 20.1 0.8 16 Han Crowser . 1985 & 1996; Woodward Clvde . 1990 & 1996 Quendall
BH-17B 17.9 17.6 18.8 19.0 17.5 17.4 17.8 18.1 18.1 17.8 18.0 17.9 18.6 19.0 18.8 BH-17B 19.0 17.4 18.1 0.5 IS Hart Crowser . 1985 & 1996; Woodward Cl~'de , 1990 & 1996 Quendall
BH-18A 16.9 15.9 16.2 16.2 14.8 16.0 16.0 16.5 14.6 16.4 15.2 16.0 17.3 17.4 17.2 17.5 16.1 BH-18A 17.5 14.6 16.2 0.8 17 Hart Crowser . 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH-18B 16.4 16.2 17.5 17.7 16.4 16.2 16.4 16.9 1i.0 16.7 16.6 16.6 17.4 17.8 17.7 BH·18R 17.8 16.2 16.9 0.6 15 Hart Crowser • 1985 & 1996; Woodward Cl~'de • 1990 & 1996 Quendall
BH-19 14.8 14.3 15.4 15.6 14.3 14.6 14.4 15.0 15.5 15.7 14.9 14.7 15.2 15.1 15.3 15.8 15.7 BH-19 15.8 14.3 15.1 0.5 17 Hart Crowser • 1985 & 1996; Woodward CI~de , 1990 & 1996 QuendaJl
BH-20A* 14.8 14.7 15.9 16.2 15.0 14.8 14.8 15.0 16.2 15.5 15.1 15.3 15.1 15.7 16.3 16.2 BH-20A* 16.3 14.7 15.4 0.6 16 Han Crowser , 1985 & 1996; Woodward C1~'de, 1990 & 1996 Quendall
BH-20B 16.2 16.0 17.2 17.4 16.2 16.0 16.2 16.7 16.8 16.5 16.3 16.3 17.1 17.6 17.5 BH-20B 17.6 16.0 16.7 0.6 IS Han Crowser , 1985 & 1996; Woodward C1~'de , 1990 & 1996 Quendall
BH-21A' 14.1 15.6 12.1 14.1 14.1 15,0 14.6 14.5 14.6 15.3 15.8 15.7 BH-2IA* 15.8 12.1 14.6 1.0 12 Hart Crowser , 1985 & 1996; Woodward C1~'de , 1990 & 1996 Quendall
BH-2IB 15.7 1'.6 16.8 17.1 15.8 15.6 15.7 16.3 16,4 16.1 15.9 15.9 16.7 17.2 17.1 BH-21B 17.2 15.6 16.3 0.6 IS Han Crowser . 1985 & 1996; Woodward CI;'de . 1990 & 1996 Quendall
BH-22 20.4 21.0 19.9 18.3 19.1 20.4 20.7 19.9 BH-22 21.0 18.3 20.0 0.9 8 Hart Crowser , 1985 & 1996; Woodward Cl~de • 1990 & 1996 Quendall
BH-23* 18.6 17.4 24.5 16.4 17.1 17.6 19.0 18.2 16.5 16.1 18.9 18.7 18.0 18.5 18.0 BH-23* 24.5 16.1 18.2 2.0 15 Han Crowser , 1985 & 1996; Woodward Cl~'de . 1990 & 1996 Quendall
BH-24 16.5 15.6 15.6 16.7 16.7 16.5 16.8 16.4 BH-24 16.8 15.6 16.3 0.5 8 Hart Crowser . 1985 & 1996; Woodward CI~de . 1990 & 1996 QuendaJl
BH-25A* 19,1 18.5 1,.S 17.4 18.9 18.9 18.8 19.1 18.9 BH-25A* 19.1 17.4 18.6 0.6 9 Hart Crowser , 1985 & 1996; Woodward CJ~de . 1990 & 1996 Quendall
BH-25B 17,9 17.2 17.0 17.0 16,9 17.7 18.1 18.0 BH·25B 18.1 16.9 17,4 05 8 Han Crowser . 1985 & 1996; Woodward Clvde . 1990 & 1996 Quendall
BH·26A 17.8 1,0 17.2 18.9 18.6 180 18,4 17.8 BH-26A 18.9 170 18.0 0.7 8 Han Crowser , 1985 & 1996; Woodward C1~'de , 1990 & 1996 Quendall
BH·26B 17,4 168 16,5 16.4 16,4 17.1 17.6 17.4 BH·26B 17.6 16,4 16,9 0.5 8 Han Crowser . 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH·27 18.9 J: 9 j 1.6 20.7 18.9 j 9 3 BH-27 20" 17.6 18,9 I I I 6 Han Crowser . 1985 &:- 1996: Woodward (J~'de 1990 &. 1996 Quendall
BH·28

.~f-- ---_.._~
"\60 1'.8 17.2 169 18.1 17.0 BH-28 18.1 158 168 0.9 6 Hart Crowser , 1985 &. 1996~ Woodward Cvde . 1990 & 1996 Quendall

BH-5*
.

203 20.5 _.. +-J ~ ~ 15,3 16.7 i 6.6 loA 16.8 16.0 BH·S· 20.5 1)3 17.2 19 9 Han Crowser . 1985 &- 1996; Woodvvard C'vde , 1990 & 1996 Quendall
BH·5A'

f---"r"
14.6 14.5 146 -t-- I uVI j S.b i 9.7 198 19.2 192 18.5 BH-5A' 19,8 145 17.2 2.3 10 Hart Crowser , 1985 s. 1996 \Vood"ward Clvde . 1990 s: 1996 Quendall

CB·J 29? +- GB·I 29.2 29,2 29,2 NA 1 Geo Consultants, 199'1 Pan Abode
GB-2 22.i GB-2 22.7 22.7 22.7 NA I Ceo Consultants, 1992 Pan Abode
HCB-l 250 I-ICB·I 2).0 25,0 25.0 NA I Ceo Consultants, 19()1 Pan Abode
NBMW I 21.6 NBMW-I 21.6 216 216 j'\,"J\ ) RETEC GW Sampl'ng Log IFC

----

Baxter

NBMW-2 299 NBMW·2 29.9 299 29.9 NA I RETEC GW Sampling Lug· JFG Baxter

PAMW·l 283 PAMW·I 283 28.3 283 :'-<'A 1 RETEC cw Sampling Log . JFG Pan Abode
PA,\,IW2 '--T " 303 P,,"'v!W·2 303 303 303 NA I RETEC GW Samplmg Log - JFG

.-._---- --.
Pan Abode

5G·] I i 60 16.3 j 9.3 19.3 18.0 183 18.0 SG·j 19.3 16.0 17.9 '13- 7 Hart Crowser and Woodward Clyde Rpt s

SG-2 145 141 13,2 13.4 14.1 15.2 15.2 SG-2 15.2 132 143 08 7 ll art Crowser ana Woodward Civde Rpt s

SG·3 DRY 19.7 210 209 21.6 207 204 SG·3 21.6 19.7 20,7 0.6 6 Hart Crowser and Woodward Clyde Rpt s

I TOe Ffevation - Top of casing elc\'ing in fNt above me an Se-3 k\'~l

2. Elevation estimated from Other measurements.

"---" . Well not found as of date indicated.

,. lndicat es pro-duct has been observed In well.

Fcasi1Jili~y Stw{v Alt,'ntlltillcS ;\lIu!V\i~
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Pori Quem/all Groundwater Modeling and Ana!ysis ofAlternatives

2.4.2 Model Grid and Layers
The model domain was represented by a 4,900 ft by 6,240 ft model grid, with 60­
foot spacing. A finer discretization of 30-foot grid spacing was used in select
portions of the site to facilitate the simulation of potential remedial alternatives.
The refined grid allows better simulation of the alternatives as well as increased
groundwater flow resolution in these critical areas. Figure 2-8 illustrates the
model grid.

n that the lake level

f
:M:4/

The location of the upland flow boundary is s to each layer. The shallow
silty peat layer extends, e to~bf the bluffs east of Interstate 405 where
shallow silty clays are ext nteredfTt is anticipated that the silt and clay unit
contributes little to groundwat61Zi1ow ,d is therefore modeled as a no-flow
boundary. The",~d layers 0 •....•. .•..... el are considered to be hydraulically
cOni:}~ed to ~er~9nal" aquifetXiBeNe"ath the toe of the bluffs. This regional
aquif~r is considered tob~~unaffected by site pumping activity and therefore a
constantl{~aQ. boundary!i~tbe used for the east and south boundaries of the
model.

Six layers were used to represent the hydrogeologic features of the Il)~~¢el area and
to assist in the modeling of remedial alternatives. 1),f. UPIl"yV'I-foot high
conductivity layer was used to model the b2"undary,. r r- ,:1ion of the Lake
Washington water level over the respective Ho~!pn of Y,. The second
layer represented the silty peat zone. Figure 2~";illustra ed thickness
of the silty peat layer. Layers three to six were used to~" I one. The
sand zone was subdivided into the three layers tOia110w evalu"anou5
depths for the containment wall configuratii~~~' Figure 2-10 illustrates the
thickness of the modeled sand layer.

2.4.3 Boundary Conditions
Lake Washington is considered a co .....
is both stable and independent ofsite

'i:~:f:~} ::"\{ .~.

2.4.4 Model Calibration
At the request of the Washington State Department of Ecology (Ecology), the
model was calibrated to three sets of water levels: average water levels and two
seasonal data sets. Water levels for the months of August 1995 and January 1996
were used to represent dry and wet season water levels, respectively.

Draft - for discussion purposeson?!. Do not release without written approval from the Pori Quendall Compmry.
Hydrogeologic Conceptual Model 2-12
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Port Quendal/ Groundwater Modeling and Ana!fsis ojAlternatives

The model was first calibrated to the January 1996 water levels by modifying the
vertical and horizontal conductivity, recharge rate, and upland boundary
conditions. The model was then calibrated using the August 1995 and average
water levels by changing only the lake levels and the recharge rate. Calibration
documentation is included in Appendix Al O.

2.5 Discussion of Calibrated Model
The model parameters provided in Table 2-3 are used in the simulation of the
remedial alternatives.

When comparing the model output to the average wa ~or several wells
upgradient of the site, the model predicted !~~er wa This could be
indicative of a localized perched water condition or low~h)1i,;:,,~~onductivity

in the eastern portion of the model area. Recalib~ng ~~el.without
changing boundary conditions to better repres~t these few wells'w()Q1dresult in
predictions of lower site hydraulic conductiVi~d therefore result in a less
conservative model. .

Draft - for discussion purposes onlY. Do not release without written approval from the Port Quendall CompCll!y.
Hydrogeologie Conceptual Model 2- I6
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Table 2-3 Parameter Values for Calibrated Model

Measured Range Calibrated Values used in Previous

Calibration Parameter Range Modeled Value Modeling/II Units

Horizontal Hydraulic Conductivity
Silt-peat layer 0.2 to 17 1 to 4 3 0.3 and 15 feet/day
Lake sediments 0.5 to 23 8 to 25 20 NA feet/day
Sand 6 to 57 25 to 70 40 60 feet/day

Vertical Hydraulic Conductivity
Silt-peat layer NA 0.02 to 0.21 0.06 0.03 to 0.15 feet/day
Lake sediments NA 0.02 to 0.15 0.06 NA feet/day
Sand NA 0.4 to 4 4 6 feet/day

Upland Boundary Condition NA 19 to 26 22.5 NA feet MSL
Recharge o to 40 2 to 35 17 22 26(2) 0 inches/year, .
Notes:

1. Hart Crowser, Inc., 1996. Draft Remedial Investigation, Quendall Terminals Upland, Renton, WA.
2. August, calibrated average, and January recharge rates, respectively. The modeling presented in Section 3 of this report
is based on the model calibrated to average water levels using 22" of rain per year.
NA - Not available or not applicable

FeasibilityStu4Y Alternatives AnalYsis



3.tlYdrogeo,ogic Analy_si_s _

This section discusses the use of the calibrated model (presented in Section 2.4.4)
to evaluate the containment wall alignments and configurations considered for the
Port Quendall project area. The performance of each containment wall was
evaluated by considering: pumping requirements for contaminated groundwater
capture, particle tracking predictions, and an analysis of the barrier wall impacts
on flow patterns. One remedial alternative, an aeration system, is not included
in the hydrogeologic analysis because it would not affect {low patterns.

3.1 Description of the Containm~nt Wan~~)'h~);
Containment walls of varying depths and horizontal aligrlfuen;~t~eresimulated
and their performance was compared to theibase casei'scenari"o:;:i1:he:.base case
scenario represents the present site conditionmodeled as the call1Jrated steady
state model with no external stresses such as-pumping.

A floating funnel and gate system was initiaJ.1yevallJ1!:' owever, because it did
not provide adequate flow control, itw~,_remove".'tA,I,Q.·~heranalysis. The
different barrier wall configurations.th~1i~we.~~ modeledq~~:described below.

''';:,

3.1.1 Containment Wall Depth
Two wall depths were considered in the PortrQuendall FS. The shallow wall
depth was considered th~nimum,depthrequired as a barrier against DNAPL
seeps; it was modeled as"a'barrieLextendingrapproximately 30 to 35 ft bgs. The
deeper wall was considered as apracucal.limit to containment wall construction;
it was modeled as a barrier that extended approximately 50 ft bgs.

3.1.2 Containment Wall Horizontal Alignment
Three horizontal wall alignments were considered, one along the existing shoreline
anq,.Jwo alQItg., thewaterward edges of two fill areas as described in the Port
Quendall FS (RETEe, 1997c). The fill areas were modeled as additional silty fill
material, with hydrogeological properties identical to the upland Silty peat zone.
The extent of the wall was limited to the former QuendaU Terminals property
because this issthe primary area of observed DNAPL contamination.

3.1.3 Conductivity of the Containment Wall
Theproposed containment walls are 3 ft thick. To simulate this 3-foot wall
within the 30-foot cells of the modeling grid, the effective horizontal conductivity
was calculated using a harmonic mean. The harmonic mean was used to account

Draft - for discussion purposes onlY. Do not release without written approval from the Port Quendall Comp(/}~v.
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for the dominance of the lower conductivity of the barrier wall despite its
relatively small thickness.

The effective horizontal conductivity was calculated for a barrier wall within both
the sand and silty fill units and no appreciable difference was noticed. Refer to
Appendix Al for the calculations of the representative conductivity. The vertical
conductivity for these cells would not be appreciably affected, as vertical flow
would occur relatively unimpeded, parallel to the wall (Freeze, 1979).

3.2 Procedures for the Hydrogeological Analysis

Capture Zone Analysis Procedures
Groundwater production wells can be used to.capture C(}nt~mliriate~tgr,pundwater.
The extent of groundwater that will be capturedby a well 6:rsei;,;;ofPwells is
referred to as the capture zone. If a capture-zone-extends around-alkpotenual
source areas, downgradient areas are protected..~t event that a groundwater
point of exposure or point of compliance c0!lcen~~~l:>~::!§ unacceptable, a system
of wells can be used to intercept the contaminateGtcgtfl5\:irto.water.

A'" ,__ ,',. ", '---,

To evaluate the containment wall,~ohfigurations for capture zone analysis, a
consistent set of eight extraction wells/wa~~;~ed.. , The containment wall
configurations can be evaluated in terms oflliii&~umtilativepumping extraction
rate that is required to produce a capture zone'\tl'\at protects Lake Washington.
The pumping rates associa::F~d with-each containment wall configuration can be
compared to the base gfse scenarfo to determine a relative remedial benefit.
Lower cumulative pumping rates tl'slf311y·result in less contaminated water to be
treated and require a smaller extraction system.

Preliminary modeling indicated that the most efficient well configuration places
the extractiort-wells justttpgradient of the containment wall.

The"·conUi~f.ed·'i'woundwater plume used in the analysis was created by
superimposing the plumes of five chemicals that exceed MTCA method B surface
water criteria. Benzene, chrysene, naphthalene, pentachlorophenol and
benzo(a)pyrene were selected based on their toxicity and distribution at the site
These contaminants are used as representative constituents for modeling
purposes. There are additional COCs which exceed surface water criteria.

Optimization of the eight extraction wells was based on evaluating the minimum
pumping rate required to capture a set of particles placed around the perimeter
of the superimposed indicator constituent of concern (lCGC) plume. The

Draft -for discussion purposeson{y. Do not release without written approval from the Port Quendall Companv
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particles originated at a depth corresponding to the middle of the silty peat zone.
Figure 3-1 illustrates the wall alignment for the upland wall scenario, the typical
layout of the eight extraction wells, and the outline of the superimposed plume
of the ICOCs.

3.2.2 Groundwater Travel Time Analysis Procedures
Groundwater travel times were evaluated from various source areas to the
shoreline (APOC) and the groundwater discharge to surface water point (APOE).
Particle travel times were evaluated using the particle tracking function of the
MODPATH subroutine of MODFLOW. MODPATH determines the path line
of a conservative tracer originating at a user defined s0ut'~~a.reawith respect to
time. A conservative tracer is a non-reactive p~cle thatrjtf:l.vels unretarded with
the bulk groundwater flow. ~i . .

The effect containment wall configurations had on gr0undwater travel times from
known source areas on site to either the AP@d\~orthe APOE were evaluated. The
groundwater travel times associated with eaeh.eontainment wall configuration
were compared to the base case scenario to.determinaa.relative remedial benefit.

t"

3.2.3 Groundwater Flow Patt~r.tltJ.-\ttlalysi§~erocedures
All of the containment wall configurnti()'- .. .' ,ging wiIis as they are not keyed
into a confining layer. The contaminated grdtitltlwater will travel beneath these
hanging walls, but it is likely to converge to some restricted depth below the wall.

The dimensions of the zone' through which.the contaminated groundwater will
travel can be used to design an aeration system. Theoretically, a smaller zone of
con~~rged contanlinated groundwater-flow is a remedial benefit, as it will require
as6ful1er zoneof'aeration. '

The zonerof convergence of contaminated groundwater can be characterized by
distributiItg a representative conservative tracer around the perimeter of the
superimpoS'ed}~Rlume of lCGCs and observing the predicted particle path lines
beneath the north, central and south segments of the containment wall. The zone
of convergence of contaminated flow is the area extending from the bottom of the
wall to the deepest path line below the wall. This zone is defined by the particles
originating at the upgradient side of the groundwater plume.

Draft - [or discussion pUrposes onp. Do not release without written approval from the Port Qumdall Compa11y.
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3.3 Results of the Hydrogeological Analysis

3.3.1 Capture Zone Analysis Results

for

g shore

Alignment of Wells

30;

NA

Depth of
Wall (tt)

Simulated Alternative

Base case

Upland Wall

The cumulative pumping rates required for capture of particles located around the
perimeter of the superimposed groundwater plume are presented in detail in
AppendixA2 and summarized in Table 3-1. The pumping rates associated with
each alternative were compared to the base case pumping rate required for
capture. The base case is defined as the flow regime as it exists wiJ1l no barrier
wall. Smaller cumulative pumping rates are a significant medi . enefit given
the financial savings associated with smaller pump and tr s and smaller
volumes of contaminated water to treat. j;" .

Table 3-1 Groundwater Extraction R~ti

Contaminated Plume Capture/"i'''

Upland Wall 50 26 along shore

along shore/fill

along shore/fill

along shore/fill

along shore/fill

37.7

19.5

23.4

35.1

50

Nearshore

Nearshore

N'~~ito{eCDF
:",_ ,'., -~_;'.~~'J!;":;,,,-,,~;j~.

As an~ per1\'earshore confined disposal facility (CDF) wall results
in-the lowest req. . ,pumping rate of 19.5 gallons per minute (gpm), which is
13 percent ottheba$t! Case pumping rate. The pumping rates were more sensitive
to wall depth, with the 50-footwalls Significantly outperforming the 30-footwalls.
The nearshore walls marginally outperformed the upland walls.

The containment wall configurations tested resulted in cumulative pumping rates
that range from 13 to 30 percent of the base case.
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for

The panicle travel time from the four source areas to '
presented in detail in Appendix A3 and summarized i
times were compared to the base case to evaluate the incr..
example, the upland shallow wall alternative/results in~arti'. .• ......1 time that
is roughly 200 percent longer (1,200 days~omparea;to base ca~g~f. 6<l'(j):;days)
than the base case travel time for a particle thatorigInates at the nearshore source
areas. ..

Travel Times from. soL.;r:r.. ·· •.c..e~t.·.", and APOE
various Containment Wall Confi .ns

. .' ... .'.:.i:r··:

Table 3-2

3.3.2 Groundwater Travel Time Analysis Results
A conservative tracer represents the flow of the water through porous media,
ignoring any retardation effects that the ICOCs would experience. While this
approach does not directly predict the travel times for the ICOes, these travel
times can be evaluated on a relative basis. An alternative that results in longer
travels times to the APOE provides contaminants more time to attenuate. The
longer travel time is also indicative of a longer pathway; this can be confirmed
when reviewing the particle tracking output. Longer contaminant pathways result
in greater attenuation due to increased diffusion and dispersion.

Farshore Areas}: ~£S Nearshore Areas

North Sump Still House?' Quendall Pond May Creek
Simulated Wall

-'~'-'.'.~ -
APOc#iAlternative Depth '~POC APOE APOE APOC APOE APOC APOE

(ft) (days) (days) (da.Ys) (days) (days) (days) (days) (days)

Base-ease <;.N~*{ 2120 2740' 1740 2400 140 600 280 600
.'-.:----$;~"'{,

'",'"

Upland~au 30; 1600 2400 1740 2440 200 1280 600 1200
,",;;>'.•

Upland-wall' SOt 1780 2900 1960 3000 700 2040 600 1800

Nearshore, .. . ,JO 16.00 2420 1760 2480 540 1300 600 1160
·¥41"~::"'~· .

Nearshore 50 1800 2820 1940 2940 920 1680 760 1580

Nearshore COF 30 1680 2440 2160 3000 1120 1640 530 1080

Nearshore COF 50 1880 2800 2240 3040 1240 2200 900 1720

Notes: APOC - Assumed Point of Compliance
APOE - Assumed Point of Exposure

Draft - for discussion puposes onlY. Do not release without written approval from the Port Quendall Comparry.
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The containment wall configurations tested result in travel times that range from
88 to 367 percent of the base case travel times to the APOE. Typically the travel
times increased, however the travel times of particles originating in one of four
source areas decreased when a wall was simulated. This was likely a result of
localized increased groundwater velocity associated with the walls.

c:¥'

, several source r#noval actions are being evaluated.
extenc¥;,.below th~ water table and therefore an

ping r~"qre~~ed to dewater these areas is required.

Dewatering AnalY§lis
As part of the feasibility
These excavation zor
approximation of the,

This zone of convergence was characteriz~d at
segments of the wall. The predicted deptfu~

three locations is presented in Appendix A3." .
based on residence time and the horizontal len
estimated to converge in a zone that has greater
and ranges from 15 to 28 ft, with fl cities
ftlday.

3.3.3 Groundwater Flow Pattern Analysis Results
Modeling indicates that groundwater converges under the wall. As observed in
the particle tracking output, the contaminated flow that ortginates.at the east
portion of the site travels the farthest below the walls. se ~'tle pathways
delineate a vertical zone of convergence that co d be t th air sparging
points for accelerated degradation. A schem f t convergence is
presented in Figure 3-2.

3.4

<. '-::'~, _ "'~"':::;':.", ;'i'h~~, - -;.;;~~~
Thezone budgetEsubio)1:.ine of M~eFLOW was used to determine the necessary
pumping rate require .' ieve a defined local water table elevation. This local
water'table.eleyation VV. .'~ the elevation of the bottom of the excavation to

deterrrtine~thef!equired .ew'atering rate. The excavation dewatering pumping
rates>are eStiii:i_dfor th~'BaxterNearshore Process Area, Quendall Pond and
May Creek DN:fJ>L source areas. These pumping rates are determined for two
scenarios: withand without a temporary flow barrier. Table 3-3 summarizes the
pumping rates.

Appendix A7 presents the detailed results of the dewatering analysis. A

sensitivity analysis revealed that the relationship of the required dewatering rate
to ,the conductivity of the silty peat zone is roughly linear: an increase of 10
percent of the conductivity would result in a 10 percent greater dewatering
pumping rate.
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Table 3-3 Dewatering Rates Required for Source Removal

Pumping Rate (GPM)
Area to be Dewatered

Without a With a Flow
Flow Barrier Barrier

Baxter Nearshore Process Area 40 26

Farshore Process Area 10 NA

North Sump Farshore 34 NA

Quendall Pond Nearshore 82 24

Still House Farshore 25 N~:?,4~"

May Creek Nearshore 67 37
{ ~.
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4 Fate and Transport Modeling _

This section presents a general overview of the fate and transport modeling that
was performed to support the Port Quendall FS (RETEC, 1997c). The fate and
transport modeling described in this section investigated the model's sensitivity
to the different parameters and the effect of the various proposed remedial
actions. These results were used to evaluate a more focused set of remedial
alternatives presented in the FS as discussed in Section 5 of this report.

4.1 Fate and Transport Overview
A fate and transport analysis was used to estimate-the so~(!¢~ncentrationsthat
attenuate to MTCA Method B Surface Waterii€riteria foratarrous remedial action
scenarios. The fate and transport modelixj.g was a§Pfiplifiedone¥cl4i~ional
representation of particles of benzene, napf(tflalen~v~ndchrysenethatl1tiginate
in two representative source areas. These-constituents were used as indicator
constituents for fate and transport modeling,;.p~9:Sfs (RETEC, 1997a). An
analytical contaminant transport modelbasedtr<:fJiit~e Domenico solution
(Domenico, 1987) is used to estimate the att~i\~1!1,on of the indicator
constituents between the shorelin~i;;i(~Cii);G:>and tfie;~point of groundwater
discharge to surface water (APOljJ;(''f-h:~~omenicos91ntion accounts for the
changes in contaminant concentration as:L;Jgi8tl.nd~~thflows from the source
areas to a APOC or a APO:ijiiFigureA-l schemadc1l11y illustrates the fate and
transport modeling assu~!tl'bns. .'

".;:",''';'~

The fate and transport modelingswas performed for three different degradation
rates, No degradation was alsormodeled to conservatively simulate natural
at!;enuation. The degradation ratesewere based on treatability study results and
literature values.

The Domenico model-epredicts the maximum centerline groundwater
consentratio.x;,:iIl a contaminant plume under steady-state conditions assuming:

i'_c~' "'';;<;~

• Uniform'and constant aquifer properties
• One-dimensional groundwater flow
• First-order contaminant decay, degradation, or transformation
• A constant contaminant source, rectangular in cross section, in the

plane perpendicular to groundwater flow

Draft - for discussion purposesOlllY. Do not releasewithout written approval from the Port Quendall CompallY,
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Several simplifying assumptions are necessary to simulate the three-dimensional
heterogeneous flow regime with the one-dimensional model. Particles originating
in the source areas will travel through three distinct zones: the silty peat zone, the
sand zone, and the lake sediment. Parameters were selected to conservatively
represent the hydrogeology of the heterogeneous site based on an assumed
average path line through the various hydrogeological units.

To evaluate the fate and transport of the three ICOCs, two potential remedial
cases were evaluated: the shallow upland wall and the shallow nearshore CDF
wall. These cases are unique in terms of the critical source area (the source area
that results in the shortest pathway to the APOE). For .' h~nw upland wall
alternative, the critical source area is the Quendail Pon srrore Source Area.

: ,,It,'':'. ~ .':.,/:

For the shallow nearshore CDP wall alternativ~.e criti ~'tfr~i~uea is the May
Creek Nearshore Source Area.

Within the groundwater flow regime, the',~~iiccounted for the effects of
advection, dispersion, sorption, and biodegr . ion. For a given source area
concentration, the model predicts steady-state;ip' ncentrations at any point
in the downgradient flow system. The model pr maximum centerline
groundwater concentration in a dissolve ume at gradient distance x
(i.e., the receptor location), based Q ensiona ive flow and three-
dimensional dispersion. Complet .... . tation provided in Appendix
A4. .··.r'· .

4.2 Input Parameters

4.2.1 Groundwater~SourcemermA
1<..., L'o, ." ):-.~';:_" ". .,

T °odeling presented in this'section determines a source concentration that
wilkresUltirLan A1?OEconcentration that is below the MTCA Method B Surface
Water<:w' ia, To calculaf~e concentration, the dimensions of this source are
required'[ .ut:. The Domenico solution represents the groundwater source as
a v;~cn·'l:m;~~~erpendicular to groundwater flow, that releases dissolved
constituents into.giQundwater passing through it. The source was assumed to be
infinite and constant with respect to time. The source was assumed to be located

at the APOc.

To provide perspective on the predicted groundwater concentrations at the APOC
which will attenuate below Method B surface water standards at the APOE, three
s~~<;e concentrations are presented in Table 4-1 for each leGe: the solubility
liimt, the product leachate concentration and the matrix leachate concentration.
These concentrations are determined as follows:

Draft - for discussion purposesonlY. Do not release without written approval from the Port Quendall Company.
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Solubility Limit: The solubility limit represents the concentration of pure ICaC,
present in excess, that would dissolved into pure water at 20°C (American Society
for Testing and Materials (ASTM)).

Product Leachate Concentration: Free product was dissolved into groundwater
taken from the site and the saturated sample was then analyzed for the
concentration of a particular dissolved ICaC to determine the product leachate
concentration.

.·S~.urceTable 4-1 Evaluation of
Concentrations

Matrix Leachate Concentration: Saturated soil samples were.,;ijIIlmersed in
groundwater and allowed to partition. The saturated gr~llwdwatersample was
then analyzed for the concentration of a particular dissolv~.<i4CbC to determine
the matrix leachate concentration.;:~.'-/'"

~~~:f_':< 1:1;i;1:::-;'::

SolUbility Product M~cm~,~achate Maximum
Limit Leachate . COrlc:e.tration Shoreline
mg/L Concentration ··mg$J:..:r Concentration··ft·",tt.·

mg/L . mg/L.•. ·~:i"·"j-;~;tt:

Benzene 1750.0 16.5
"'j~

;. J,f.5' WP4: 0.14, s;;::;~
$;

,:::,,";;.'1' .,.i;;":M'

Chrysene 0.0060 Chrysene is ·,d;;i. ~. ~rysene is WP2: 0.0002
undetectable in'~ 'i'undetectable in

i!'!;!i>' lab studies Fir' lab studies

Naphthalene 32.90 . ~;+- 8.2 2.6 WP3: 11.0
.;

Note:'r~ethod BS~Water Limit: NtTCA Method B Surface Water Limits taken from the
CLARC II Da.tabase - February 1996. Washington Department of Ecology.

Solubility Limit: This is the solubility limit of the ICOe at 20-25°e as published by ASTM

4.2.2 FloW-afttl~M.ixingrparameters

The degree of 'co~faminant mixing predicted by the model is a function of
dispersion coefficIents, hydraulic conductivity, hydraulic flow gradient, and
effective soil porosity. Conservative default dispersivity coefficients specified in
the model were used to evaluate dispersion. For purposes of fate and transport
modeling, representative hydraulic parameters were calculated by averaging the
calibrated values for the three zones (fill, sand and lake sediment). The
representative parameter values are calculated in Appendix A5 and are
summarized below.

Draft - for discussion purposes on!!. Do not release without written approvalfrom the Port Quendall Company.
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Hydraulic Conductivity
Effective Porosity
Groundwater Gradient

17.2 ftJDay
0.25
0.0069 ft/ft

4.2.3 First-Order Decay Parameters
Under steady-state conditions, hydrolysis and biodegradation represent the
principal mechanisms of organic contaminant mass reduction during groundwater
plume transport. For the scenarios without an aeration system, no decay was
assumed and, therefore, the contaminant decay term in the model was set equal
to zero.

For the scenarios that represent a functioning adation rates
were selected based on treatability studies'1~ TEe, d published
literature values. Three degradation rates w~~ evaluat '. 1 er.c~n~,()~ithe
degradation rate achieved in the lab studf~°aI1d ~o owest avai able1!~iature
value. Refer to Table 4-2 for three degradatft,)pr:~used in this evaluatiOn. The
treatability results for pyrene were substituted's ene given chrysene's non-
detect results. This substitution is justified e similar structure of
chrysene and pyrene; and 2) their literature degra ues are very similar
(see AppendixA5). The literature an tory de rates of chrysene,
benzene and naphthalene are pres~> dix.,. e model runs become
more conservative as the degradation rate l;h2:~o. The basis for a non-
zero degradation rate is as f~Rows:

"~i

Lab Rate * 0.1: Thi
unamended (with nutJ;i ts) de
Quendall treatability Sttidy (

o1(ler of magnitude lower than the aerobic
. ation rates that were calculated in the Port

. 'i9·9;7Cl).
,'J..-. - .: ~ • "' A· "·:o~0.::~(

.,~~::>Jti> . ',..
M,te.,* O.Olf;:{':~~~Js two orders of magnitude lower than the aerobic
una¢nde~,(with'nutti~ri.~J.degradation rates that were calculated in the Port
Quendallatability stu~~TEC, 1997d).

:"'~: .. >"<'
LO:Wiititenifiire~aIl.1e: This is the lower limit aerobic degradation rate
published in thefHahdbook of Environmental Degradation Rates" (Howard, et
al, 1991).

The aeration scenarios were particularly conservative because degradation was
assumed to take place along the path length following the treatment zone.
Trv?refore, the scenarios did not account for the attenuation and dispersion that
\vOPld occur between the source and the treatment zone.

Draft -for discussion purposesonry. Do not release without written approvalfrom the Port Quendall Compmry.
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Table 4-2 Degradation Rates Used in Fate and Transport Analysis

1/10 Lab Rate 1/100 Lab Rate Low Literature Value

Benzene 0.535 0.0535 0.043

Chrysene 0.0549 0.00549 0.0007

Naphthalene 0.516 0.0516 0.035

Notes:
--The benzene and naphthalene degradation lab rates are based on the~plumn ;rt'ildy as presented
in the treatability study (RETEC,1997d)'1~ {:,r':'
--The chrysene lab rates are based on the pyrene aerobic respirome~'Stiiay as presented in the
treatability study (RETEC, 1997d). .,~':»;i.
--The literature rates are taken from the Handbook ofEnvironmentaliJJ)egraaattQnRates (Howard,
1991 ).

4.2.4 Retardation Factors
The rate at which a plume moves may be reduced bxconstituent sorption to
solids or organic matter in the subsurface. The retarda",;· ,,.factor for each ICOC
was calculated using the chemlcal-spedfla.orgaruc- :.anition coefficient
(Kx:) and a fraction of organic carbon«f~1requ.al to O. •. .... cent (Han Crowser,
1996). Literature 1<0., values wer~1tlsedfor·tfiesthree IGO'Cs (Appendix AS).

4.2.5 Distance to Receptor
Using the input parameters specified above. the model can back calculate the
allowable source concentration based on a given receptor distance and a target
concentration (e.g.,.cleanup criteria). The distance to the receptor (i.e., Lake
Washington) was determined asspart of the panicle tracking analysis performed
usmgtfie MODPATH module of MODFLOW. Appendix AS summarizes the
panicle tracking results and provides the distances to the lake used in the model
for the shallow upland and nearshore CDF walls.

4.3 Results of the Fate and Transport Analysis
Appendix A6 presents the fate and transport simulation runs as a function of
degradation rate and source concentration. Results are expressed as
concentrations at the shoreline and the point of groundwater discharge to the
lake. Concentrations at these points were compared to MTCA Method B surface
water criteria for the indicator constituents.

Assuming a degradation rate of 10 percent of the rate determined in the lab
treatability study and source concentrations that exceed the solubility limit, all

Draft - for discussion purposes on{y, Do not release without written approval from the Port Quendall Company.
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3 lCOCs would attenuate to APOE concentrations below the MTCA Method B
surface water standards. Naphthalene attenuates to target levels even under no
degradation.

Table 4-3 presents the maximum APOC concentrations that attenuate to APOE
concentrations below MTCA Method B surface water standards. The APOC
concentrations were determined for three degradation rates that represent an
active aeration system. To conservatively represent natural attenuation (no active
treatment or aeration), the fate and transport modeling was also performed
assuming no degradation. The maximum APOC concentrations ..'.be used to
establish target remediation levels. The product trix leachate
concentrations are taken from the treatability s~udy ( '~97d).

,iA~~'

~.~,]~-:.

Three source concentrations are presented in,ithis sectL",.
on the predicted groundwater concentrations at th~OC ih.. .' .: ttenuate
below Method B surface water standards attf):~~E. Table 4-3~'RE~~#ts these
concentrations in decreasing order: solubilit ',. ·'·tiproduct leachate and matrix
leachate concentrations. The solubility limit; .e;'" st conservative assumed
APOC concentration as it represents the.snaxirnu entration that would
occur in a solution of pure compoundAAd water other competing
dissolved contaminants are present.s;~maximu ntrations found in
source areas near the shorelineare Ie e pr~ Iict leachate value for
benzene, approximately the same asH .•i ••.. ,•.·;~tftlimit for chrysene and
approximately the same as theproduetleach'a~~'VaIue for naphthalene.

Draft - for discussion purposes only. Do not release without written approval from the Port QuendallCompany.
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Table 4-3 Predicted Groundwater Concentrations at the APOC That Attenuate Below

Method B Surface Water Standards at the APOE

Quendall PondNear May CreekNear
ShoreArea ShoreArea

ShallowNearshore Wall ShallowNearshore Wall
Degradation Maximum Permissible Maximum Permissible

Contaminant Rate POC Concentration POC Concentration
of Concern 1/day Justification mg/L mg/L

benzene 0.535 Lab rate ·0.1 >5 >5
benzene 0.054 Lab rate " 0.01 7l.35 >5
benzene 0.043 Low Lit Value 26.06 >5
benzene 0.000 No Degredation 0.07 0.40

chrysene 0.0549 High Lit Value >5 >5
chrysene 0.0055 Average Lit Value 0.000140 0.00160
chrysene 0.0007 Low Lit Value 0.000056 0.00032
chrysene 0.0000 No Degredation 0.000050 0.00030

naphthalene 0.516 Lab rate • 0.1 >5 >5
naphthalene 0.052 Lab rate • 0.0 I >5 >5
naphthalene 0.035 Low Lit Value >5 >5
naphthalene 0.000 No Degredation 16.15 >5

Notes:

Degradation rates:

The lab degredation rates are taken from the Port Quendall treatability study (RETEC, 1997d). The benzene and naphthalene degredation rates
are taken from the column study. The Chrysene degredation rate is taken from the respirometry testing as chrysene was at an undetectable
concentration in the column tests.
Lab Rate '0.1:
This is one order of magnitude lower than the degradation rate that was calculated in the Port Quendall treatability study.
Lab Rate ·0.01:
This is two orders of magnitude lower than the degradation rate that was calculated in the Port Quendall treatability study.
Low/Avg/high Literature Value:
These are based on the aerobic degradation rates published in the Handbook ofEnvironmental Degradation Rates (Howard, 1991).
Maximum Source Concentration:
The maximum source concentration that will not cause a violation of the MTCA Method B Surface Water Limit at the Point of Exposure
>S indicates that the permissible source concentration is greater than the solubility limit of that particular contaminant.

Fe.isibiiuv Studl' AlfcrJlilfl",'s A/IIdl's/\



5Feasibili~ Study Alternatives Anal~sis

The Port Quendall FS (RETEC, 1997c) evaluates a matrix of environmental
remedial technologies. Twelve remedial alternatives comprised of these various
technologies are presented in Section 6 of the FS. Four representative
alternatives were modeled to predict the APOe and APOE benzene and chrysene
concentrations. Naphthalene was determined to be an insignificant leOe
(Section 4) and therefore, it was not evaluated.

,onstructing a 2.9 acre
.sting shoreline and

The following four alternatives were modeled:

No Action - This alternative was not inclUded in ~FS, b
baseline for comparison purposes. The ~ting.~J,\~~onditions
fill area or containment wall and both the nearshore-and farshore D
are present. "'\>.

5.1 Alternatives Evaluated

Alternative #7 - AC2/BDI - This alternative assumes a 2.9 acre eDF will be
constructed as well as a 30-foot deep containment wall along the existing
shoreline and outer edge of the fill unit.

TheQuendallP1n~fudMay Creek Nearshore sources are removed. The critical
sources then become either the residual contaminants associated with the
nearshore excavations or the farshore sources associated with the old still house
and the north sump. All of the potential critical sources have been evaluated.

Alternative #10 - AC3/BDI - This alternative assumes a 2.9 acre CDF is
constructed as well as a 30-foot deep containment wall along the existing
shoreline and outer edge of the fill unit.

Draft - for discussion purposes onry. Do not release witJwut written approval from the Port Quendall Company.
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All of the DNAPL sources are removed in this alternative. The critical sources are
the residual contamination associated with the nearshore source area excavations.
These source areas are critical due to their dimensions and their proximity to the
shoreline.

5.2 Input Parameters

5.2.1 Source Characterization
The

sources. The
5-1 illustrates

water table.

e areas are shown
ility study (RETEC,

onale for the source
d in Figures 5-2 and 5-3.

The sources were grouped according to their proximit,
nearshore sources include the Quendall Pond and M .
farshore sources include the still house and the su
the source locations, areal extents, thickness sour

Pre- and post-excavation concentrations
source concentrations before and after s
selected have been evaluated and justified'd'
concentrations.

The source concentrations for the near
in Table 5-1. These concentrations ./....
1997d) and site data. Wh

;:i,;':j->--;":';""

concentrations reference site gr(§Undwatel
'_r_

The pre excavation c~4:~tratiQ~ repres~t the maximum concentration
associated with the gi ~~ourcef#ea. Thejpost-excavation concentrations are
selected to repres '. e sour . concentraticns anticipated after source
remf?~~ as descri . the FS .~1997).

Th~~';tepresentativ~~~~~is" re source area concentrations are higher than the
farshore s~W;~ area ·"'.7"eflect the groundwater contaminant distributions
presented'in'fPf'" res 5-2~al\'d 5-3.

t~i

5.2.2 Flow aritJ'!"tY' 9 Parameters
Refer to Section 4.2.2 for the flow and mixing parameters used in the fate and
transport modeling.

Draft - for discussion purposes onlY. Do not release without written approvalfrom the Port Quendall Company.
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Table 5-1 Indicator Contaminants of Concern: Rationale for Input
Source Concentrations

Nearshore DNAPL Source Farshore DNAPL Source

Benzene

Pre-excavation
mg/L

16.5

Post-excavation
mgfL

1.5

Pre-excavation
mg/L

1.5

Post-excavation
mg/L

0.0005

Rationale Product leachate
concentration &
max nearshore
well is BH-5 @
3.3 mglL

Matrix leachate
concentration &
max nearshore
well outside of
excavation
footprint is BH­
18A @ 1.7 mgIL

Matrix leachate Half of the
concentra$~>n - .~deiection limit
several 0 .' of:; -?of benzene
magnitu .~._ reponed for
greater tHal:rv'~ iwells BH-22 and
reported1t ' '<o:t~ t;13H~27
conce.Q,uations.:;;-
in i#s"'hore area: ....~

Chrysene

Rationale

0.006

Solubility limit of
chrysene and max
nearshore well is
BH-12 @ 0.004
mgIL

0.0005

Half of the
detection limit of
chrysene as
reponed. by ARl

Or006
;1.. ·

m
well
@ 0.004t-mglL

0.0005

Half of the
detection limit
of chrysene as
reponed by ARI

5.2.3 First-Order Decay Parameters
The first order decay rate is,Yllsed to represent contaminant degradation associated
with biosparging. .

Benzene degradation due to biospatging was simulated by a rate of 1/10 of the
aerobiC decay rate determined in the column study (RETEC, 1997d). Chrysene
degradation due to biosparging was simulated by a rate of 1/10 of the aerobic
decay rate of pyrene determined in the column study (RETEC, 1997d). The
kineticsof.pyrene have been substituted due to the inability to study chrysene
degradatioh;;gi~enits high detection limit. The substitution is justified when
considering the similar kinetics quoted in the literature, and the similar molecular
structure of chrysene and pyrene. The half lives and degradation rates of
benzene, chrysene and pyrene are presented in Appendix AS.

5.2.4 Retardation Factors
Refer to section 4.2.4 for the retardation factors used in the model.

Draft - (or discussion purposeson{y. Do not release without written approval from the Port Quendall Company.
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Port Quem/all Groundwater Modeling and Analysis ofAlternatives

5.2.5 Distance from Source to APOC and APOE
Using the input parameters specified above, the model estimated the APOC and
APOE concentrations. The distance from the source areas to the APOC and
APOE were determined as part of the particle tracking analysis performed using
the MODPATH module of MODFLOW. The particle tracking results are
provided in Appendix AS.

5.3 Results of the Feasibility Study Alternatives

Analysis
The alternatives analysis fate and transport modeling is mecsented in Appendix AS
and discussed below.

No Action
If no remedial action is taken, the model predicts APOC and APOE
concentrations that exceed the MTCA Method.B Surface Water Criteria for both
benzene and chrysene. The model predicts that the critical source is the Quendall
Pond nearshore source. This prediction is reasonable giveh the dimensions of the
source and its proximity to the shoreline.~'

-'~h

\~:-_:,-:;.. ":"'~ ,;->,

The 2.9 acre GE>Etfllfresults in'crgreater path length from the Quendall Pond
source to the APOC" For this reason, the model predicts May Creek as the
critical s()'lJ.rc~ despite its smaller dimensions. The CDF alignment could be,"","",
altered topr0videa buffer zone for both the Quendall Pond source and the May
Creek source;:"iamer than just the Quendall Pond source.

Alternative #7 -AC2/BDI

The model predicts that Alternative #7 will meet MTCA Method B Surface
Water Criteria for benzene and chrysene concentrations at the APOE but not the
APOc. The model predicts that the nearshore and farshore sources contribute
roughly equally (same order of magnitude) to the APOC concentrations. The
model could be interpreted as over predicting the impact of the farshore sources
when evaluating the existing contaminant distribution.

Draft - for discussion pI/poses onlY. Do not release without written approvalfrom the FOIt Quendall Comparry.
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A sparging zone location upgradient of the APOC was not evaluated for this
alternative. The sparging zone of 50 ft, as modeled for Alternative # 1, would be
more than adequate to result in an APOC concentration below MTCA Method
B Surface Water Criteria. This is apparent when considering the lower APOC
concentrations predicted as a result of source removal.

the value ofThe model predictions presented
biosparging as a remedial alterna ...

A sparging zone location upgradient of the
alternative. The sparging zone of 50 ft, as
more than adequate to result in a APOC c
Surface Water Criteria. This is apparent
concentrations predicted as a result of so

Alternative #10 - AC3/BDI
The model predicts that Alternative #10 will meet MTCA. Method B Surface
Water Criteria for benzene and chrysene concentrations at the APOE but not the
APOe. The critical source for this alternative is the residual co tration at
May Creek.

5.4 Discussion

The attenuation lengths of ed in this section could be
evaluated to determine of a biosparging system. The
attenuation length of a ned as.. . e distance from the source to the
downgradient centerliS"e the cotkentration is below a given criteria.
The mum at dated with chrysene originating at the

e sou -exca ncentrations. The longest attenuation
5 ft. b ging zone 50 ft in length located upgradient of the

d in at of benzene and chrysene to below surface water
Oe. e source removal reduces this plume attenuation

d <ie ore an even smaller biosparging zone would be
ig~Ire 5-4 for a schematic of an extended biosparging zone.

It should be~at this assumes there is no free product within the
biosparging zo j,» .: Table 5-2 lists the APOC and APOE benzene and chrysene
concentrationsssssociated with the Quendall Pond source area that are predicted
for the various alternatives.

Draft - for discussion purposes on{y. Do not release without written approval from the Port Quendal/ Comparry.
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1]iU~!
Table 5-2 Concentrations of Benzene and Chrysene at the APOC and APOE for the Various Alternatives

Location of Benzene POC Benzene POE Chrysene POC Chrysene POE
Biosparging Concentration Concentration Concentration Concentration

Alternative Fill Wall Source Removal System (mgIL) (mg/L) (mgIL) (mgIL)

No Action None none none Not Applicable 1.53E+OI 6.90E+00 5.57E-03 2.5IE-03

Alternative # I
2.9 Acre CDF 30 foot wall AtAPOC 3.54E+OO 2.96E-19 1.29E-03 7.04E-09

ACO/BDI
none

Alternative # I
50 Feet

ACO/BDI
2.9 Acre CDF 30 foot wall none Upgradient of l.7SE-OS 1.49E-27 2.47E-05 1.35E-IQ

APOC

Alternative #7
2.9 Acre CDF 30 foot wall Nearshore DNAPL AtAPOC 3.22E-OI 2.69E-20 I.07E-04 5.S4E-IO

AC2/BDI

Alternative # 10
2.9 Acre CDF 30 foot wall All DNAPL AtAPOC 3.22E-OI 2.69E-20 1.07E-04 5.S4E-1O

AC3/BDI

Notes:
The APOC and APOE concentrations are presented for the Quendall Pond Source.
Refer to table 5- I for the nearshore and farshore pre and post excavation concentrations.

FATE2 was used to model the contaminant transport from the source areas to the APOC and then from the APOC to the APOE. No degradation was assumed
from the source areas to the Mae. Biosparging was represented with a degradation rate equal to 1110 of the aerobic degradation rate determined in the Lab
Treatability Study [RETEC 1997] .. applied from the APOC to the APOE. No degradation was assumed from the APOC to the APOE for the no action
scenario (no biosparging).
The MTCA Method B Surface Water Limit for benzene is 4.3 xIO-2 mg/L.
The MTCA Method B Surface Water Limit for chrysene is 2.96 x10-5 mgIL
The Feasibilitv Study Alternatives are cross referenced to the alternatives presented in the Feasibility Study (RETEC. 1997) (e.g.•ACO/BDl).

Feasibility Study Alternatives Analysis
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6Discussion

6.1 Containment Wall Horizontal Alignments
The preferred barrier wall alignment depends on the fate of the Quendall Pond
Nearshore source area. If the source area remains untreated, the outer wall
alignment significantly increases the travel time to the APOE, making the
nearshore CDF alignment the preferred alternative. However, if the Quendall
Pond Nearshore source area is treated, the increased particle travel time
associated with the nearshore wall alignments becomes in,.,~ignificant.

The relative remedial value of the three wall alignments was evaluated by
studying the panicle tracking travel times of-a conservative tracer from the four
source areas to the APOE and by comparing the pumping rates required for
capture of the contaminated groundwater plume.

The northern and southern portions of the wall alikJunent are identical for all
three scenarios. The travel times of particles origiitagpg in sources that are
directly upgradient of these portions of the wall do notch::mge significantly when
the containment wall alignments are altered. However, the travel times of
panicles originating in sources that are directly upgradient of the center portion
of the wall (i.e., Quendall Pondj-do increase significantly as the wall alignment
moves out into the lake.

Given the natural flow patterns that occur on the site (downward in the upland
portion of the site, relatively horizontal through the sand unit, and upward into
the lake), it is not surprising tha~owbarriers do not provide a consistently
sigrYf.~nt extended-travel tim~e APOE. The flow barriers force a flow
patternthat mimics the naturally occurring tendency and, in fact. shortens the
travel times of particles originating in the farshore source areas due to the
tendency to flow more directly down and Out of the silty fill unit into the more
conductive sand unit.

The installation of a barrier wall reduces the cumulative pumping rate required
to capture the contaminated groundwater plume by approximately 80 percent.
However, the pumping rate required for capture is not sensitive to the horizontal
alignment of the barrier wall.

6.2 Containment Wall Depths
Increasing the barrier wall depth into the sand aquifer significantly reduces the
pumping rate required for capture of the contaminated groundwater plume. For

Draft - for discussion pUlposes on{y. Do not release without written approval from the Port Quendall CompllllY
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all three alignments evaluated, the deeper wall results in significantly lower
pumping rates required for capture. Increased wall depths however, have a
limited effect on the travel times of impacted groundwater as it flows to the
APOE. Given that groundwater extraction is a backup technology, the additional
cost of construction of the deeper wall is not justified by its remedial benefit.

The pumping rates that are requit~d fo~(§ ";:'~~tj&groundwater capture can
be evaluated and comparedgto the' requirettfOr capture of the base case
scenario. The shallow barr,i~wall r ires a pumping rate equal to 27 percent of
the base case scenario.'flie't>tleep rrier wall requires a pumping rate equal to
15 percent of the base qi§e seen It is anticipated that the deeper wall inhibits
flo~:,~om the coI,l,. "'" sand (i)w:t:ake Washington, thereby requiring a
lo~'t:pympingi1r~

The relative remedial value of the two wall depths can be evaluated by studying
the particle tracking travel times of a conservative tracer from the four source
areas to the APOE and by comparing the pumping rates required for capture of
the contaminated groundwater plume. The increased travel time ~~€ibatedwith
the deeper wall alignment is insignificant for most of th rti o.tes except those
that originate in the May Creek Nearshore andme Que. i d source areas.

'_:::.:.-;' ;,;~-.

Particles that originate in the May Creek and*'Quendalh . .""urce ,areas have
a relatively short path to the APOE comg:¥ed to t.1J;~;;'base a~~ls~n'a:r;jo~#The

proposed flow barrier is immediately do+gr'\SU~J\t of these sour~a,reas. A
deeper wall would increase travel times for liartiCI~Jrom these areasDy causing
them to travel below the wall before movinguput to the APOE. However,
the increased travel time is limited du~:b th,~~~l.ttem and the high
conductivity of the sand, and does not j~tiY the ad~t~t,xpenseof a deeper
wall. '. . '.,":.~.,.

6.3 Pumpi:~9s,Rate:~:i~;;;'
RE}:§f~~i\~,e pumpihg rates ~equired for the capture of the contaminated
groundwaterp1pme-and the dewatenng of several source removal areas.

By applying a. safety factor of 2 (doubling the predicted rates in order to be
conservative),+iETEC estimates that capture of the contaminated groundwater
plume will rc;quire cumulative pumping rates of 290 gpm for the base case
scenario, 88 gpm for the shallow walls and 52 gpm for the deeper walls. The
cumulative pumping rates are not significantly affected by the barrier wall
alignment.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
Discussion 6-2



Port Quendall Groundwater Modeling and Ana{ysis ofAlternatives

The FS (RETEC, 1997c) assumes a treatment cost of $10 per 1,000 gallons of
contaminated water. This does not reflect the costs associated with dewatering
system installation.

6.4 Dewatering Source Areas
The model predicts that pumping rates of 10 to 32 gpm will be required for the
dewatering of the various source areas assuming that the nearshore source areas
will be excavated using flow barriers.

ns of-contamlnated
/-;.f

,dewatering system
RETEC's FS assumes a treatment cost of $10 per 1,000
water. This does not reflect the costs associated
installation.

6.5 Natural Attenuation
Natural attenuation was modeled assumingrlo biocf~gradation. The infeasibility
of natural attenuation is apparent when comparirtg.,~epredicted groundwater
concentrations at the APOC to the ant~cipated~~9.¥!.Ddwaterconcentrations
associated with existing source areas.

6.6 Aeration
Aeration is a feasible option forgroundwarerremedlatfon. This was demonstrated
with fate and transport modeling using-degradation-rates conservatively based on
the lab treatability st~q~'?nd literature values. Aeration at the shoreline
consistently produced APOE concentrations below Method B surface water
criteria. Aeration could also treat.groundwater to target levels at a shoreline point
of~mpliance given"a.sufficiently large biosparging zone and no free product
witIUh a 45-foot zone.

6.7 Sourc:~dd~,,~moval.,

So~~msare not necessary to achieve target levels at a point of
exposure. Source removal actions can improve the effectiveness of a biosparging
system. Source-removal actions may improve groundwater quality by an order of
magnitude at an assumed shoreline point of compliance over no source removal.
Nearshore DNAPL areas have more of an impact on groundwater quality than the
farshore areas.

Draft - for discussion purposesonlY. Do not release without written approval from the Port Quendall Company.
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Appendix Al Hydraulic Conductivity Calculations

To represent the three-foot thick containment walls within the thirty-foot cells of the
groundwater model, an average hydraulic conductivity was calculated. Flow
perpendicular to layering is dominated by layers of low conductivity (containment wall)
and this is reflected by use of a harmonic mean for the calculations.

Appendix A2 Particle Tracking Output - Groundwater Capture
Analysis

Particle tracking was performed using the MODPATH routine of MODFLOW.
MODPATH predicts the 3-dimensional, time-dependent trajectory of particles of
conservative non-reactive tracers that originate in specified source locations. Particles
were placed around the perimeter of an assumed dissolved groundwater plume footprint.
Eight recovery wells were simulated along the upgradient edge of the containment wall
and the pumping rates of the wells were adjusted such that all of the particles were
captured in the wells.

The pumping rates required for contaminated groundwater capture are presented in
tabular form.

VISUAL MODLFOW output illustrates the groundwater capture flow patterns, acpture
zones and individual well pumping rates required for capture.

Appendix A3 Particle Tracking - Source Areas

Particle tracking was performed using the MODPATH subroutine of MODFLOW.
MODPATH predicts the 3-dimensional, time-dependent trajectory of a particle of a
conservative non reactive tracer that originates in a specified source area. The source
areas are shown on a site. The horizontal and vertical projections of the three
dimensional pathline of the tracer are shown in the particle tracking output presented
in this appendix.

Six source areas are presented to represent the major source areas as defined by the
Feasibility Study [RETEC 1997].

The chevrons that are observed along the projected pathlines indicate 200 days of travel
time.

Particle tracking results are summarized in a tabular format that includes travel times
from the source areas to the assumed point of compliance (shoreline) and assumed point
of exposure (Lake Washington).



Appendix A7 Dewatering Analysis

The dewatering rates required for source removal are presented in this appendix along
with a sensitivity analysis of the dewatering rate to the horizontal conductivity.

The sensitivity analysis determines the sensitivity of the model's dewatering predictions
to the input conductivity.

Appendix A8 Feasibility Study Alternatives Modeling Output

The fate and transport modeling presented in Section 5 of this report is based on the
model output included in this appendix. The modeling is intended to evaluate a specific
set of alternatives that are proposed in the Feasibility Study [RETEC 1997c]. This
modeling is also supported by Appendix AS, FATE2 Input Parameters.

The two part modeling presented here evaluates the fate of the ICOe's as they travel
from the source areas to the APOC and then from the APOC to the APOE. The
degradation rates for the two legs of this analysis can be assigned individually to
represent degradation associated with biosparging that is modeled downgradient of the
APOc.

The specific source characterization is presented here and includes the source dimensions
and pathlengths from the source to the APOC and from the APOC to the APOE.

Appendix A9 Preliminary Groundwater Memo, Ecology Comments
and Responses

The preliminary groundwater memo, Ecologies comments, and RETECs response are
included in this appendix. These documents compreise the scope of work for the Port
Quendall modeling effort.

Appendix Al0 Model Calibration Documentation

Figures and tables associated with the groundwater model calibration are presented here.
The model was calibrated to three sets of water levels; average water levels,August 1995
and January 1996. The calibration statistics for these three calibration sets are provided.
The statistics are an indication of the ability of the model to predict the observed
conditions.



Appendix Ai

Wall Conductivity Calculations



Conductivity with Wall

Determine hydraulic conductivity, K through the wall.

K parallel to layering is dominated by low K (even thin) layers.

Use weighted harmonic meanf

K= thickness cell
~ thickness layer

condo layer

K= 30' = 2.798 X lOJ

(~7) + ( 2.8: 10--)

Assumes that the wall is 3 feet thick. with Kwaul = 2.8 x 10'-4 ft/day.

When the wall is in the sand unit

K sand = 40 ft/day

30' J

KMl = (27) + ( 3 ) = 2.799 x 10

40 2.8 x 10--

* Refer to "Earth 458-Physical Hydrogeology", CW Masse, RV Nicholson Waterloo
Centre for Groundwater Research, Dept. of Earth Sciences University of Waterloo,

May 1991.



Appendix A2

Particle Tracking Output - Capture Analysis



Port Quendall Groundwater Analysis
Capture Analysis

Total Pumping Rate Number
Simulation Run ft"3/day Gpm % of base case of Wells Screened Unit Alignment Notes

Base Case 24 28000 145.6 NA 8 sand along shore Taken as base case lorthe comparative enelysls
(% 01base case pumping rate)

Upland wall to 30' 19 850P 44.2 30% 6 sand along shore pumping just upgradient 01 the wall capitalizes on
the now convergence

Upland Wall to 50' 20 5000 26 18% 8 sand along shore pumping just upgradient 01 the wall capllallzes on
the nowconvergence

NearshoreWall to 30' 21 7250 37.7 26% 8 sand along shore/Fill pumping iust upgradient 01 the wall capitalizes on
the now convergence

NearshoreWall to 50' 22 4500 23.4 16% 8 sand along shore/Fill pumping just upgradient ofthe wall capitalizes on
the now convergence

Nearshore CDF Walll to 30' 28 6750 35.1 24% 8 sand along shore/Fill pumping just upgradlent ot the wall capitalizes on
the nowconvergence

Nearshore CDF Walll to 50' 29 3750 19.5 13% 8 sand along shore/Fill pumping just upgradient 01 the wall capilalizes on
the now convergence

Notes:
The capture analysis was performed by overlaying dissolved plume extents for five constituents (benzene, chrysene, naphthalane, benzoapyreneand pentachlorophenol) exceeding MTCA
method B surface water criteria. Particles were placed around the perimeterof this area at the a depth corresponding to the center of the silty/fill unit. Wells were installed in the model and
the appropriate pumping rates were determined by adjusting the rates up and down to efficiently captureall of the particles.

The downgradlent edge of the dissolved MTCA method B overlay is downgradlentof the shorelinein some areas. Due to the inability to practically install wells further downgradient that the
existing shoreline, the particle tracking analysis did not consider the capture of these particles. For instanceswhere the dissolvedplume overlay was west of the shoreline, the
downdgradient limit for placement of particleswas eithertheshoreline,or slightly upgradient(east) of the groundwaterbarrier.

The well screens were typically placed at a depth below thesilUfili and sand unit interface (with the exception of run 23 in which the wells were placed in the silUfiliunit.) This typical depth
places the screen center at the bottom of the30' bgs wall, andabove the bottom of the 50' bgs wall. For the 50' bgs wall, the wells screens could either be placed above or below the wall
however,preliminary testing confirmed that it is more efficient to place the well screens above the bottom of the wall (the zone of influence is reflected and therefore stretched upgradient
and less lake water is drawn into the wells).

Created by SSC Capture 12/17/979:13 AM
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Appendix A3

Particle Tracking Output - Source Areas



Particle Tracking Source Locations

NSPA
FSPA
NSFS
QPNS
SHFS
MCNS

Lake Washington

Nearshore Process Area
Far Shore Process Area
North Sump Far Shore Area
Quendall Pond North Sump
Still House FarShore
May Creek Near Shore t

N



Port Quendall Company
Particle Tracking Analysis

PARTICLE TRACKING· Days
NSPA ·2 ft MSL FSPA 13 ft MSL NSFS 2 ft MSL QPNS -4 ft MSL SHFS 10 ft MSL MCNS 0 ft MSL

RUN DESCRIPTION PtofComp PI01Exp Ptof Comp PI01e.p PtofComp PI01Exp PlolComp PIof e.p Ptof Comp Pi of Exp PtofComp ptot Exp Comments

7 Base Case 0 800 2040 3600 2120 2740 140 600 1740 2400 280 600

6 Upland Wall to 30 ft 0 900 2340 3460 1600 2400 200 1280 1740 2440 600 1200

40 Upland Wall to 50 ft 0 900 2300 3500 1780 2900 700 2040 1960 3000 600 1800

8/9 Upland Wall to 30 /50 ft - Gates 0 880 2340 3460 1800 2840 560 1960 1940 2940 800 1620

10 Nearshore wall to 30 ft 0 880 2340 3460 1600 2420 540 1300 1760 2480 600 1160

11 Nearshore wall to 50 ft 0 880 2340 3460 1800 2820 920 1680 1940 2940 760 1580

12 Nearshore wall to 30/50 ft • Gates 0 880 2340 3460 1800 2820 920 1680 1940 2940 700 1480

25 Outer Wall to 30' 880 2320 3480 1680 2440 1120 1640 2160 3000 530 1080

27 Outer Wall to 50' 880 2320 3480 1880 2800 1240 2200 2240 3040 900 1720

PARTICLE TRACKING· % of base case travel time

NSPA ·2 ft MSL FSPA 13 ft MSL NSFS 2 ft MSL QPNS -4 ft MSL SHFS 10 ft MSL MCNS 0 ftMSL
RUN DESCRIPTION PtofComp PI01Exp PI01Comp PI01e.p Pt of Camp PI01e.p PtofComp PI01Exp Pt cf Ccmp PI01e.p PtofComp PI of Exp Comments

7 Base Case 0 800 2040 3600 2120 2740 140 600 1740 2400 280 600

6 Upland Wall to 30 ft NA 113% 115% 96% 75% 88% 143% 213% 100% 102% 214% 200%

40 Upland Wall to 50 ft NA 113% 113% 97% 84% 106% 500% 340% 113% 125% 214% 300%

8/9 Upland Wall to 30 /50 ft • Gates NA 110% 115% 96% 85% 104% 400% 327% 111% 123% 286% 270%

10 Nearshore wall to 30 ft NA 110% 115% 96% 75% 88% 386% 217% 101% 103% 214% 193%

11 Nearshore wall to 50 ft NA 110% 115% 96% 85% 103% 657% 280% 111% 123% 271% 263%

12 Nearshore wall to 30/50 ft - Gates NA 110% 115% 96% 85% 103% 657% 280% 111% 123% 250% 247%

Outer Wall to 30' NA 110% 114% 97% 79% 89% 800% 273% 124% 125% 189% 180%

Outer Wall to 50' NA 110% 114% 97% 89% 102% 886% 367% 129% 127% 321% 287%

created by sse Particle Please note: The chevrons of the Visual Modlflow Output represent 200 days travel time. 12/17/973:17 PM



Port Quendall Groundwater Analysis
Impacted Flow Convergence Zone Analysis

Impacted flow convergence zone
Height at North Wall Height at Center Height at South Wall Days in 30' cell at row Approximated velocity

Base Case 15.8 22 11 142 or 70 .21 to .43 fVday

Upland wall to 30' 11 15 7.5 50 0.60

Upland Wall to 50' 12.5 18.5 13.5 50 0.60

Nearshore Wall to 30' 10 20 9.5 45 0.67

Nearshore Wall to 50' 11 20 18 110 0.27

Outer Wall to 30' 10 24 8.5 60 0.50

Outer Wall to 50' 8 28 10.5 55 0.55

Notes:
The flow convergence zone is taken as the top and bottom of the zone in which particles from the east and west sides of the site are closest
together. This occurs directly under thewalls in all of these scenarios, presenting an opportunity for treatment of the contaminants. For the
base case the zone of convergence observed in the vicinity of the shoreline.

The approximated velocity is determined by observing the retention time of a particle in a thirty foot cell in the middle of the zone of convergence
in the center of the model (approximately row 72.) The velocity is then calculated as the distance (30') divided by the retention time (days in 30'
cell at row 72.)

Created by SSC Converge 12/17/979:33 AM
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FATE2 - A GROUNDWATER CONTAMINATION TRANSPORT SCREENING MODEL

© 1995 Shell Development Company

INTRODUCTION

FATE2 is an updated Microsoft EXCEL spreadsheet based implementation of a three-dimensional
analytical transient groundwater contaminant transport model first presented in 1987 by PA Domenico
as published in the article: "An Analytical modelfor Multidimensional Transport ofa Decaying
Contaminant Species" (J. Hydrology 91,49-58). The Domenico model is based on the assumption of:

• uniform and constant aquifer properties,
• one dimensional groundwater flow,
• first-order contaminant decay, degradation, or transformation,
• constant contaminant source of rectangular cross-section in the plane perpendicular to groundwater

flow.

While the assumed conditions are arguably oversimplifications of any real scenario, the Domenico
solution is nevertheless a valuable tool for studying the gross features of contaminant transport behavior
and for generating screening level predictions of contaminant transport at sites for which more detailed
modeling is not justified.

The spreadsheet model waspreviously issued as FATE in 1992. Modifications to the FATE spreadsheet
as implemented in FATE2 include:

• automation ofmodel calibration to site specific contaminant plume data,
• warning messages which flag input and output parameters which exceed nominal ranges,
• automated calculation ofplume attenuation factors, and
• graphical output showing the site specific plume data, receptor location, and the modeled plume

attenuation.

Software requirements to run the FATE2 spreadsheet are Microsoft EXCEL 5.0 (or later) with the Solver
and Analysis ToolPak Add-Ins installed.

FATE2 - A SPREADSHEET GROUNDWATER CONTAMINANT TRANSPORT MODEL

The spreadsheet FATE2 predicts the maximum centerline concentration in a hydrocarbon plume once
steady-state conditions have been reached. The normalized centerline concentration C(x,y=O,z=O)/c.
distribution is predicted by the equation:

c(x,y=O,z=O) =e {~1-(1+4A.a'J~Jl1(eJ Y lYeJ Z] (1)

C_ xp 2a.L q R~ L4~a7x lk ~ L4.Ja.x J)

where:

C(x,y,z) =

Csoun:e =
x =
<Xx =

lXy

<Xx =
q

solute concentration at location (x,y,z) [mgll]
solute concentration at (x=O,y=O,Z=O) [mgll]
distance downgradient of source [ft]
longitudinal (x) dispersivity [ft]
transverse (y) dispersivity [ft]
vertical (z) dispersivity [ft]
groundwater velocity (or specific discharge) [ft/d]



A. attenuation (degradation) coefficient [d-I ]

Y sourcewidth (perpendicular to groundwaterflowin the horizontal plane) [ft]
Z sourcedepth (perpendicularto groundwaterflowin the vertical plane) [ft]
erftn) Error Function evaluatedfor value (Tl)

As written, the right-band-sideof Equation (1) is also equivalentto the inverse of the groundwater
attenuation factor (AF(x)=CJCp(x»at any distancex from the source.

Equation (1) requires sevensite-specific input parameters: a.", Oy, 0,,,, q, A., Y, Z. Of these, threeare fixed
by hydrologicconditionsand the contaminant sourcedistribution. The groundwatervelocity, q, is a
function of the groundwatergradient, i [mlm], the hydraulicconductivity, K [mid], and the soil porosityn
[m3/m3

] :

Ki
q=-

n
(2)

which can be determinedat most sites through appropriateaquifer characterizationmethods. The source
dimensions,Y and Z, are estimatedfrom knowledge of the contaminantdistribution.

The remaining four parameters, cx.x, Oy, a.", and A., are usuallydeterminedby "fitting" modelpredictionsto
site specificdata. However, the followinginformationmaybe used as guidanceto verifythe
reasonableness of parametervalues:

Dispersion Coefficients: Basedon the USEPA's BackgroundDocumentfor the Groundwater Screening
Procedures to SupPOrt 40 CFR. part 268 Land DisposalRestrictions (1985),
initial estimatesfor dispersioncoefficients are:

Mxx =O.lx
Myax = 1/3ax
M, ax = 0.05ax

(3)
(4)
(5)

Thus, the dispersioncoefficients are functionsof distance,X, from the down
gradient edge of the sourcearea and appropriatemultiplierfactors.

Attenuation Coefficient: The attenuationcoefficient. A., includedin Equation (1) is a gross measureof a
numberof attenuation mechanisms. For aromatic hydrocarbons,
biodegradationis likelyto be the most significantat siteswhereaquifer
conditionsare sufficientto maintain aerobicconditions (typically the presence
of dissolved oxygenin groundwaterat levelsof ~ 2 mgll upgradientfrom the
source, and the absenceof dissolved oxygenwithin the interior of a solute
plume is considereda good indicationthat biodegradationis likelyoccurring).
Field calibratedmacrodegradation rates for aromaticcompounds havebeen
reportedto be 0.001 - 0.01 [d-I ] (see for example:Chiang et al., 1986,"Data
Analysis and Computer Modeling ofthe Benzene Plume in an Aquifer Beneath
a Gas Plan!", in Proc. ofNWWAIAPI Conference on Petroleumhydrocarbons
in Groundwater).

More detaileddiscussionof the input parametersis presentedlater in this documentation.

In it's current implementation, FATE2consistsof threeEXCEL spreadsheets in a singleworkbook. The
first spreadsheet, INPUT, is used to input site specific data, executeEXCEL 5 macros,and providemodel
output The secondspreadsheet, MODEL,containsthe original FATE spreadsheetwhich is the solution



for the normalized maximum centerline concentration in a hydrocarbon plume once steady-state
conditions have been reached, based on Domenico's solution. The third spreadsheet, MACROS, contains
the EXCEL 5 macros used to calibrated the model and generate model output. Data input, model
execution, and results interpretation will each be discussed in the following sections.

MODEL INPUT DATA

Model input data is split into four sections: Flow Model Parameters, Source Data, Monitoring Point Data,
and Receptor Data. Data is entered into the model simply by filling in the desired value in the appropriate
cell in the INPUf spreadsheet. Parameters which may be set by the user are indicted by bold type. All
other cells should not be altered, the macros will not function correctly ifcell locations are changed.

Flow Model Parameters

Soil Porosity, n (~/~): Porosity is percent of total voids or openings in the soil. It is
expressed as the volume ofpore space per total volume of the soil.
Typical values: 0.25 < n < 0.65 (fe/fe).

Hydraulic Conductivity, K (ftld): Hydraulic Conductivity is a measure of the capacity of the aquifer to
transmit water. Typical values: 10-4 < K < 102 (ftld).

Gradient, i (ftlft):

Groundwater Velocity (ft/d):

Attenuation and Dispersion:

Source Data

Gradient is the change in hydraulic head per unit of horizontal
distance measured in the downgradient direction. Gradient is
expressed in foot per foot and also has a directional component.
Typical values: 0.001 < I < 0.01 (ftlft).

The groundwater (interstitial) velocity is the groundwater flow rate in
feet per day and is calculated by q = K i I n, assuming Darcy's law.

Seediscussion below.

Source Concentration, C. (mg/l): Concentration ofcontaminant in groundwater at downgradient edge of
source. This should be based on site data (i.e., a monitoring well
located at the down gradient edge of the source area) but can be
estimated assuming an effective solubility defined by

(6)

Source Width, y (ft):

Source Thickness, Z (ft):

where: S, (mgll) is the solubility limit of the pure compound and Xi is
the mole fraction of the compound in the hydrocarbon mixture.

The source width is themaximum distance in feet perpendicular to the
direction ofgroundwater flow in the saturated zone impacted by the
source area.

Source thickness reflects the height of the groundwater column in the
source area that contains solubilized petroleum constituents. In the
case of residual seperate-phsse hydrocarbons trapped beneath the water
table, the source thickness is equivalent to the larger of the thickness
of the residual contamination zone or the largest observed seasonal
variation in the water table.



Farthest Distance, L (ft):

Monitoring Point Data

Concentration, CM,i [mg/l]:

Distance from Source.M, [ft]:

Receptor Date

Farthest distance from the down gradient edge ofthe source area to be
evaluated, used as a scaling factor in the model output.

Concentration of contaminant observed at monitoring point i.

The distance parallel to groundwater flow from the downgradient edge
of the source area to the location of monitoring point i.

FATE2 is designed for input of date from one to three monitoring
point locations. These monitoring points should be located as close to
the centerline of the dissolved contaminant plume as possible and
should span the full range of the dissolved phase plume ifpossible
(i.e., should include locations close to but within the down gradient
extent of the plume.

Receptor Distance, R (ft): The receptor distance is the distance in feet from the downgradient
edge of the source area to the selected receptor location.

Target Concentration, C· [mg/l] Selected target exposure point concentration (i.e., MCL, risk-based
concentration, or other relevant criteria) which must be met at the
receptor location.

The receptor location should be based on the nearest reasonable
potential receptor location. This is represented by the nearest of:

• the nearest actual receptor location in the impact water bearing
zone,

• the farthest available monitoring location (existing or future), or
• the nearest reasonable future receptor location based on

reasonable future land use.

Attenuation and Dispenion Coefficients

Attenuation Coefficient, A[d,I]: The attenuation coefficient is a measure of the rate at which a
compound is lost from a solute plume due to the combined
mechanisms ofbiodegradation, volatilization, and chemical
transformation. For aromatic compounds, such asbenzene, toluene,
and xylenes, aerobic biodegradation isoften thedominant mechanism,
and attenuation rates of0.00 1 to 0.01 [d')] arereported in the
literature for sites where dissolved oxygen concentrations are sufficient
to sustain aerobic biodegradation. This parameter is site specific as
well as compound specific.

Dispersivity - x direction: This dispersivity is a measure ofa plume's tendency to spread
horizontally in the direction of groundwater flow as it propagates
down gradient from the source (longitudinal dispersion). An initial
estimate for the x-dispersivity is 0.1x, where x is the distance in the
direction ofgroundwater flow from the downgradient edge of the



Dispersivity - y direction:

Dispersivity - z direction:

MODEL CALmRATION

source and M, = 0.1 is the x-dispersivity multiplier (USEPA Office of
Solid Waste Background Documentfor the Groundwater Screening
Procedure to Support 40 CFR Part 268 Land Disposal Restrictions,
1985).

This dispersivity is a measure of a plume's tendency to spread
horizontally perpendicular to the direction of groundwater flow as it
propagates down gradient from the source (lateral dispersion). An
initial estimate for the y-dispersivity is x-dispersivity/3, where x­
dispersivity is as defined previously and My = 1/3 is the y-dispersivity
multiplier (USEPA Office of Solid Waste Background Documentfor
the Groundwater Screening Procedure to Support 40 CFR Part 268
Land Disposal Restrictions, 1985).

This dispersivity is a measure ofa plume's tendency to spread
vertically perpendicular to the direction of groundwaterflow as it
propagates down gradient from the source (vertical dispersion). An
initial estimate for the x-dispersivity is 0.05 x-dispersivity, where x­
dispersivity is as defined previously and M, =-0.05 is the z-dispersivity
multiplier (USEPA Office of Solid Waste Background Documentfor
the Groundwater Screening Procedure to Support 40 CFR Part 268
Land Disposal Restrictions, 1985).

In the current implementation ofFA1E2, the model is calibrated to site specific data by minimizing the
sum of the square of the difference between the predicted and actual attenuation factors at the monitoring
point locations by changing either or both the attenuation rate constant, A., and the dispersivity in the x
direction. The dispersivity in the y and z directions are held at their default values as specified above
since only centerline plwne data is asswned to be available. These values canbe changed based on site
specific data. Calibration is performed by "clicking" on one of several "buttons" which activate the
appropriate macros.

INITIAL - Initialization of the attenuation rate and dispersivities to default values. This
step is important in order to ensure proper convergence of the calibration
routine and should be performed prior to all model calibration. (A. = 0.001
[d-I ] and Mx = 0.1)

CAL- Calibration with respect to attenuation coefficient, A. (i.e., sum of squared
difference in minimized by changing A.). More often thannot, this will be
the primary method ofmodel calibration since the model is more sensitive to
changes in this parameter than to changes in dispersivity. Cahbration is
limited to values, 0.001 < A. < 0.01 [(1

). (The user should click "OK" after

the calibration is complete.)

CAL2 - Cahbration with respect to dispersivity in the x direction (i.e., sum of squared
difference in minimized by changing Mx or a,J. The model is less sensitive
to this parameter. Thus, CAL2is usedfor fine tuning of the model.
Calibration is limited to values, 0.02 < Mx < 0.5. (The user should click
"OK" after the calibration is complete.)

CAL3- Calibration with respect to both attenuation rate constant, A., and dispersivity
in the x direction (i.e., swn of squared difference in minimized by changing
Mx. (The user should click "OK" after the calibration is complete.)



Please note that previousexperience has shownthat calibrationwith respectto the attenuationcoefficient
is most important while changes in the dispersivity in the x directioncan bebased on professional
judgment and site specificknowledge.

A plot of the predictednormalizedcenterlineconcentrationas predictedby Equation 1) as a function of
distance from the sourceis locatedin the INPUTspreadsheetnext to the calibrationmacrobuttons to
allowvisual confirmationthat calibrationwas successful.

MODEL OUTPUT

The basic model output is the normalizedconcentration(inverseof the attenuationfactor, AF), as a
function of distancefrom the downgradient edge of the sourcearea. The macro,PAL, is used to calculate
the distance from the sourceat which the plume hasattenuatedto the target exposure point concentration,
Co. The macro PAL is automatically run after any calibration,however, it MUSTbe run manually if
model calibration is performedby manuallychanging input parameters(i.e., the calibrationmacrosare
not used).

Plume Atten. Length, PAL [ft]: The plume attenuation length or PAL is the distanceawayfor the
sourcein the directionof groundwater flowat which the normalized
groundwaterconcentration (C1Cs) (under steady-state conditions)
equals the normalized target exposurepoint concentration(Co/Cs). It
is site and compoundspecific.

PAL - The plume attenuationlength is calculatedusing the macro
button, "PAL". Note that a valuefor PAL will notbe shown
unless the macro PALhasbeen run following all
initialization any calibrationof the model.

The model also outputs the attenuationfactor at the input receptorlocation, At;.. Thepredicted
concentrationat the receptorlocationcan becalculatedby divding the sourceconcentration, c., by the
receptorattenuation factor, Mr.

ReceptorAttenuationFactor, AFr: The attenuation factor, AFr, is equal to the ratio of the groundwater
concentrationat the sourcedividedby the groundwaterconcentration
at the receptor locationand has values greater than unity. The AF is
determinedbased on the modelfit to site specific data.

Finally, the maximumsourceconcentrationwhich is protectiveof the input receptoris calculated.

Max Source Concentration, C.*: The maximum source concentration (dissolved concentration at
downgradientedge of source)that is protective of a receptoris found
bymultiplyingtargetexposurepoint concentration (C) by the

attenuation factor at the receptor, AFr:

(7)

Ifthe nearest reasonablepotential receptoris closer to the sourcethan
the PAL, than a reduction in sourceconcentrationwill be requiredto
beprotectiveof the receptor. If the nearest reasonable potential
receptor is farther from the sourcethan the PAL, sourcearea reduction
may not berequired if the sourcestrength is not expectedto increase
over time (based on contaminantmigrationfrom the vadose zone).
The calculatedvalue is comparedto a user input sourcearea solubility



limit. This value shouldbebased on site specificknowledge of the
contaminantcomposition and is the same as the input sourcearea
concentrationifcalculatedby Equation (6) above. The symbol ">S" is
used to indicate that the calculatedmaximumsourceconcentration
exceedsthis solubility limit and thus is physically unattainable.

RESULTS INTERPRETATION

The results of the modelare presentedboth graphicallyand numerically. Graphically, the results are
presented as a plot of attenuationfactor, AF, versus distancefrom the downgradientedge of the source.
This plot also showsthe site monitoringdata, the receptorlocation, and the locationof the plume
attenuation length. For sites with more thanone contaminant, the largest componentPAL value is
selectedas the PALa-. Anyreceptor locatedat a distancegreater thanthe PAI....- is not expectedto have
concentrationsgreater than the target exposure point concentrations for any contaminant. Therefore, if
the selectedreceptor is locatedat a distance greater than the PALa-. the target exposurepoint
concentrationfor this receptorcan neverbeexceeded. If this occurs, source reductionis not required to be
protectiveof the receptor. On the other hand, sourcereductionis indicated if the nearest receptorlocation
is nearer to the source than the PALa-and the magnitudeof sourcereduction required is indicatedby the
estimated maximum sourceconcentration, c...
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Port Quendall Company
Determination of Representative Aquifer Properties

for the Fate and Transport Analysis

Aquifer Properties
Conductivity Bulk Density foe % of pathline

Unit Porosity ftIday g/cmJ\3 % each unit

Silty fill 0.25 3 1.7 0.29% 0.4
Sand 0.25 40 1.7 0.087% 0.2
FiJlllake sediment 0.25 20 1.7 0.29% 0.4

1.0

Representative Properties
Conductivity

Porosity ftIday

0.25 I 17.2 I

Bulk Density
g/cmJ\3

1.7 I

foe
%

0.25%

Gradient

J 0.0069

Notes:
The aquifer hydrogeologic properties are taken from the Modflow model presented in this chapter.
A weighted average was applied based on the estimated pathlength for each hydrogeologic unit.

foc: free organic carbon

Fate2inp 6/30/97



Calculation of Lambda and Retardation Factors

log Bulk Total Retardation
Constituent Source Half-Life Half-Life ~ Lambda Koc foe Kd Density Porosity Factor

(hour) (day) (llday) (decimal) (g1cmJ
) (decimal) (g1cmJ

)

Benzene Aerobic High 384 16 High 0.0433 1.79 0.0022 0.1 1.7 0.25 2
Aerobic Low 120 5 Low 0.1386

Anaerobic High 17280 720 High 0.0010
Anaerobic Low 2688 112 Low 0.0062

Naphthalene Unacdlmated Anaerobic 6192 258 High 0.0027 2.80 0.0022 1.4 1.7 0.25 10
Unacdlmated Aerobic 24 1 Low 0.6931

Chrysene Aerobic High 24000 1,000 High 0.0007 S.47 0.0022 650.4 1.7 0.25 4,424
Aerobic Low 8904 371 Low 0.0019

Anaerobic High 96000 4,000 High 0.0002
Anaerobic Low 35616 1,484 Low 0.0005

NOTES:
Half Life: Half lives corresponding to the type of analysis listed in the 'Source' column (e.g. Unaclimated aerobic etc.). Taken from the Handbook of Environmental Degradation
Rates, Howard et ai, Lewis Publishers, Michigan, 1991.
Lamda: Degradation rate calculated assuming first order degradation. Calculated as: Lamda = -(lnl/2)/Half Life
Log Koc:: Taken from the revised table 3.2 of the Progress Report for Treatability Testing of Sediments and Groundwater for Port Quendall, Retec, May 1997.
foe:: Fraction of organic carbon (foe) based on the data presented in the Hart Crowser Draft Remedial Investigation, October 1996. The foe is a calculated weighted average of
the foe for the silty fill(.0029), sand (.00087) and lake sediment units (.0029 -assumed to be the same as silty fill unit).
Kd: Kd = (10 A log Koc ) * foe
Bulk Density: Assumed parameter
Total Porosity: Assumed parameter
Retardation factor: Retardation factor = (1+kd*(Bulk Density/total porosity)

Fate2inp 6/30/97



Fate2inp

Evaluation of the Contaminants of Concern
Comparison of Degradation Rates

Degradation Rates Half Life
Laboratory Results (assumes 1st order degradation) Laboratory Results

aerobic aerobic aerobic I anaerobic aerobic aerobic aerobic I anaerobic
Amended Unamended Lit Low Lit High Lit Low Lit High Amended Unamended Lit High Lit Low Lit High Lit Low

-2.300 -1.300 0.043 0.139 0.001 0.006 0.3 0.5 16.0 5.0 720.0 112.0
-1.380 -1.310 0.035 1.386 0.003 0.028 0.5 0.5 20.0 0.5 258.0 25.0
-0.250 -0.250 0.001 0.002 0.000 0.000 2.8 2.8 1000.0 371.0 4000.0 1484.0

Notes
The Laboratory half lives were taken from the Port Quendall Treatability Study.
The aerobic and anaerobic literature half lives are taken from the Handbook of Environmental Degradation Rates, Howard et ai,
Lewis Publishers, MI, 1991.
Degradation rates are calculated from the half life based on 1st order degradation (rate (1/day) = .693/ half life (days)):

6/30/97



Port Quendall Company
Source Area Pathline Analysis

Run7 - Base case - no wall Horizontal
Elevations Projected Pathlengths

ftMSL length Post
A B C AB BC Total Aeration

FSPA 13 ft MSL 13 -21 -4 510 250 761.7 250.6
NSPA -2 ft MSL -2 -2 5 150 125 125.2 125.2
NSFS 2ft MSL 2 -4 6 300 125 425.5 125.4

QPNS -4 ft MSL -4 0 6 50 150 200.3 150.1
SHFS 10 ft MSL 10 -7 2 350 225 575.6 225.2
MCNS Oft MSL 0 0 4 90 110 200.1 110.1

Run6 - Upland Wall to 30 feet Horizontal
Elevations Projected Pathlengths

ftMSL length Post
A B C AB BC Total Aeration

FSPA 13 ft MSL 13 -21 -2 400 350 752.0 350.5
NSPA -2 ft MSL -2 5 275 275.1 275.1
NSFS 2ft MSL 2 -24 1.5 250 275 527.5 276.2

QPNS -4 ft MSL -4 -17 10 50 100 155.2 103.6
SHFS 10 ft MSL 1 -24 2 310 275 587.2 276.2
MCNS Oft MSL 0 -17 4 50 150 204.3 151.5

Run25 - Nearshore CDF Wall to 30 feet Horizontal

Elevations Projected Pathlengths

ftMSL length Post
A B C AB BC Total Aeration

FSPA 13 ft MSL 13 -23 1 400 350 752.4 350.8
NSPA -2 ft MSL -2 5 275 275.1 275.1
NSFS 2ft MSL 2 -23 3 260 275 537.4 276.2
QPNS -4 ft MSL -4 -27 -7 300 200 501.9 201.0
SHFS 10ft MSL IO -29 -3.5 475 300 777.7 301.1
MeNS OftMSL 0 -18 3 50 180 234.4 181.2

Notes:
The particle pathlines were determined by estimating the pathlines as triangular in shape
from the source area (pt A) to a depth below the wall (pt B) and back upwards to the
point of exposure (pt C). The elevations of each point and the horizontal projected length
were taken determined from Modlflow Output. The Pythagorean theorem was then
applied to determine the total pathlength and the pathlength that occurs after the point
aeration.

Created by SBC Fate2inp 12/10/978:52 AM
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Port Quendall
Summary of Fate and TransportAnalysis

Maximum
Plume Predicted Permissible

Simulated Source Degradation Attenuation POE POC
Contaminant Simulated Remediation Concentration Rate Length Concentration Concentration

Run# of Concern Source Scenario mg/L 1/day ft mg/L mg/L
28 benzene QPNS 30' Upland wall 1.500 0.535 4 1.29E-13 >S
29 benzene QPNS 30' Upland wall 16.500 0.054 79 9.94E-03 71.35
30 benzene QPNS 30' Upland wall 1750.000 0.043 205 2.89E+00 26.06
52 benzene QPNS 30' Upland wall 16.500 0.000 3348 1.01E+01 0.07

31 chrysene QPNS 30' Upland wall 0.0005 0.0549 20 1.06E-07 >S
32 chrysene QPNS 30' Upland wall 0.0005 0.0055 187 1.04E-04 0.000140
33 chrysene QPNS 3D' Upland wall 0.0060 0.0007 1147 3.16E-03 0.000056
53 chrysene QPNS 30' Upland wall 0.0005 0.000 671 3.07E-04 0.000050

34 naphthalene QPNS 3D' Upland wall 32.900 0.516 1 5.17E-12 >S
35 naphthalene QPNS 30' Upland wall 32.900 0.052 12 2.36E-02 >S
36 naphthalene QPNS 30' Upland wall 32.900 0.035 18 1.25E-01 >S
54 naphthalene QPNS 30' Upland wall 32.900 0.000 227 2.02E+01 16.15

39 benzene MCNS 30' Nearshore wall 1.500 0.535 4 4.38E-19 >S
40 benzene MCNS 30' Nearshore wall 16.500 0.054 65 7.01E-05 >S
41 benzene MCNS 30' Nearshore wall 1750.000 0.043 172 2.97E-02 >S
55 benzene MCNS 30' Nearshore wall 16.500 0.000 1317 1.76E+00 0.40

42 chrysene MCNS 30' Nearshore wall 0.0005 0.0549 27 1.78E-09 >S
43 chrysene MCNS 30' Nearshore wall 0.0005 0.0055 I 116 9.03E-06 0.001600
44 chrysene MCNS 30' Nearshore wall 0.0060 0.0007 715 5.52E-04 0.000320
56 chrysene MCNS 30' Nearshore wall 0.0005 0.000 259 5.34E-05 0.000300

45 naphthalene MCNS 30' Nearshore wall 32.900 0.516 1 2.15E-17 >S
46 naphthalene MCNS 30' Nearshore wall 32.900 0.052 12 1.78E-04 >S
47 naphthalene MCNS 30' Nearshore wall 32.900 0.035 17 1.78E-03 >S
57 naphthalene MCNS 30' Nearshore wall 32.900 0.000 77 3.51E+00 >S

Created by SSC Fatezout 12/17/973:18 PM



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Mode' PArameters'
n - Porosity [ft"3Ifl A3]
K - Hydraulic Conductivity [ft/day)
i-Groundwater Gradient [ftIfl]
lamda - attenuation rate [lIday)
Mx - mU~iplier for longitudinal dispersivity [alpha-x =Mx,><]
My - mU~iplier for transverse dispersivily [alpha-y = MyOalpha­
Mz - mU~iplier for vertical dispersivity [alpha-z =Mzoalpha-x]

1nIIJll
0.25
17.2

0.0069
0.535 Min

0.1
0.33
0.05

MIn Mall
0.1 0.6

0.01 100
0.0001 0.01
0535 0.535

0.05 0.2
0.1 0.3333

0.0125 0.1

21 Input Source pata.

Cs - Source Concentration [mgl1)
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft)
L - farthest distance to be evaluated from source [ft]

1.5
263

18
3000

3) Inpyt Monitoring Point Data­
Mon~oring Point
Cm - concentration at mon~oring locations (mg/1)
M - Distance to Mon~oring Locations [II]

4) Input Receptor Data"
R - Distance to Nearest Receptor location [II)
Cgwo - Target Concentration [mgll)

104
4.30E.o2

MODEL CALIBRAnON

$) Run Calibration Macrpa

Iamda - attenuation rate [l/day] (.001 - .01)
Mx - mU~ipliar for longitudinal dispersivity (alpha-x = Mx-X)(0.
AFm - attenuation factor at location m
Xm - Nonnalized concentration at location m
:xm. - modeled normalized concentration at location m
(1-Xm°lXm)"z

Sum of Squares (1-Xm°/Xmj"2

0.5350 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIO! 'DIVIO!
o.oos-oo _ o.ooa-oc
O.OOE+Oll _ o.ooe-oo
O.OOE+Oll _ uooe-oo
o.ooe-oo

[ J
1.OClE+OO

Normallad Conc._ntnItIon
1.00E+85

INITIAL - InltialZl!I Inputs
1.00E~

1.00E+8D
UIJE+7S
1.lXIE+1O1.DDE42
1.00E.t«i

[ "I 1.00E4! 1.fXJEot«J
CAL • Calibrate Lamda 1.00E+55

) ".DOE... [[J
1.00E+50

'" uJ·OClE..e5

[ J
~.00E4'S • M 4.00E+«J

• PAL 1.00E+35
CAL2. Calibrate Mx t.lXlE.Q5

• R
1.CIOE+30

1.00E-07
1.00E+25
1.(IOE+20

1.00E-QJ UlOE+1$

( J
1.00e.10

CALJ· C1111_ Lamda & Mx t.CIJE.(19 1.00E..05

0 "" dRncM'llbm'!l'alnd"b 3000
3500 1.lX!E+OO

0

- ......
• M

• PAL

• R

Tome to Reach
Steady State

(YIl

PAL <1

Ml <1

M2 <1

M3 <1

R <1

4
0.00
104

3.49E+Ol
-l.33E-05

PAL[ J

MODEL OUTPUT
6) Bun Pluma Altlnultion length M,cCQ -PAL­
CsICgw* - &nenUlition taeIOr at t8fVeI. concenhtion

(CsICgw* - AFpoI)I(CsICgw')

PAL - Plume Attenuation lenglh [II)
PAllL - Scaled Plum. Attenuationlength
R - Distance toN_Receptor location [II]

Z)ReceplorAU-nu.uon
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgl1]
Cgwo - Target Concentration (mgll)

1.17E+13
1.29E-13

0.043

8110pul Contamln.nt [)ala
S - Solubility Um~ of Contaminant (mgl1)
R - Retardation Factor

1750
2

91 Target $ayg CpnG.tration
Cso - Maximum Source Concentration [mgl1]
Cs - Source Concentration [mgl1]

>S
1.50

12/t7IW



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1} InAut FlOW Model pa@mete[S&

n • Porosity [fl"3Jfl"3)
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [fVIl]
lamda - attenuation rate [1Jday]
Mx - muftiplier for longitudinal dispersivily lalpha-x = Mx*x)
My - muftiplier for transverse dispersivity [alpha-y = MyOalpha­
Mz - muftiplier for vertical dispersivily [alpha-z = Mzoalpha-x)

!oI2IIl
0.25
17.2

0.0069
0.0535 Min

0.1
0.33
0.05

Min Max
0.1 0.6

001 100
0.0001 0.01
0.0535 0.0535

0.05 0.2
0.1 0.3333

00125 0.1

2) Input SOurce patao

Cs - Source Concentration [mgIIJ
y . source width perpendicular to groundwater flow [It]
Z - source depth below water table [It]
L - farthest distance to be evaluated from source [ft)

NOTES:

16.5
263 This run s'lmulales benzene 1rorn the source at qpns reasonable scenario.

18
3000

J) Input Monitoring Point Data'
Monftoring Point
Cm - concentration at monitoring locations lmg/l]
M - Distance to Mon~oring Locations [It)

4) Inpyt Receptor Oat."
R - Distance to Nearest Receptor Location [It]
Cgwo. Target Concentration [mgll)

104
4.30E-42

MODEL CALIBRATION

5) Run Calibration Mlcrps

lamda - attenuation rate [l/day) (.001 -".01)
Mx • muftiplier for long~udinal dispersivity [elpha-x = Mx*x) (0.
AFm ... attenuation fador at location m
Xm - Normalized concentration at location m
Xm· - modeled nonnalized concentration at location m
(1-Xm*JXm)"'2

Sum of Squares (1-Xm°/Xmr2

0.0535 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIO!
O.DOE+OO ######II O.OOE+OO
O.DOE+OO ######II O.OOE+OO
O.OOE+OO ######II O.OOE+OO
O.OOE+OO

JI"=!
Normalized Con~.ntnItion

I I
Ir- Attenuation F.ctor=CslC(x)

1JJOE+2d

IINITlAL- Initialize InputS HIOE+24

I- UIOE+22 I

J/;=\
1.00E+20 I

( 1.DDE+18 ICAl - calibnr1e Lamda UXJE+18

I
.......

~.tIlE+1"
- ....... II

JI:::
...

~.DOE+12 ·..[ I • PAl • PAl ICAl2 - Calbral:e Mx
~~

• R

I
[ CAL3 • C.lnbnrte Lamd. & M:l JI :::. I"" dImn~'WI.Jlll) 3OCIO

3000

"" dRncl'lPom'WI.rJ//i) 3OCIO 3000

I

nne to Reach
Steady Stele

(yrj

PAL <1
M1 <1
M2 <1
M3 <1

R <1

79
0.03

104

3.84E+02
·997E-04

PAL(_~J

MODEL OUTPUT
8l Run plu,", Attenuation length Macro -PALfit

CsICgw"-"""-' _ atlargel "'...._

(CsICgw- - AFpaf)/(CsIOJw')

PAL - Plume Attenuation Length (ftl
PAUL - Scaled Plume Attenuation Length

R - Distance 10Nearest Receptor Location (ft]

7) Receptor AllInualign
AFr - Anenuelion Factor at Receptor
Cr - Concentration at Receptor [mgllj
Cgw' • Target Concentration (mgl1)

1.66E+03
9.94E-C3

0.043

8) Input Contaminant Data

S - Solubility Limit of Contaminant (mg/l)
R - Retardation Factor

1750
2

9) I'raM Sourc, Conc.tration
Cso- Maximum Source Concentration [mgIIJ
Cs - Source Concentration [mg/l]

71.35
16.50

12/17197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Inpyt BOW Model parameters"
n - Porosity Ift'3IfI'3j
K - Hydraulic Conductivity 1ft/day]
i-Groundwater Gradient [flIft]
lamda, - attenuation rate [1/day)
Mx - mu~iplier for long~udinal dispersivity (alpha-x = Mx"xj
My - mu~iplier for transverse dispersivity [alpha-y = My·alpha­
Mz - mu~iplier for vertical dispersivity [alpha-z = Mz·alpha-x]

InIIII1
0.25
17.2

0.0069
0.043 Min

0.1
0.33
0.05

Min MiIX
0.1 0.6

0.01 100
0.0001 0.01

0.043 0.043
0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Sourc, [)at."

Cs - Source Concentration [mg/l]
y - source width perpendicular to groundwater flow [ftl
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [II]

1750 >S
263
18

3000

3) Input Monitoring point Data­
Mon~oring Point
Cm - concentralion at mon~oring locations [mg/I]
M - Distance to Mon~oring Locations 1ft]

4) Input Receptor pata·
R - Distance to Nearest Receptor Location 1ft]
Cgw' - Target Concentration [mg/l]

104
4.30E-ll2

MODEL CALiBRAnON

5) Run Cllibrat!oo MlCm
lamda - attenuation rate [l/day] (.001 - .01)
Mx - mU~iplier for Iong~udinal dispersivity [alpha-x = Mx"xl (0.
AFm - attenuation fador at location m
Xm - Normalized concentration at Iocalion m
Xm' - modeled normalized ooneentralion allocation m
(1·Xm·IXm)"2

Sum of Squares (1-Xm'IXm)"2

0.0430 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIO!
O.OOE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO

O.ooE+OO

[:lAl- InllioRze Inputs J
1.00E+OO

1.DOE-O't

1.DOE-Q2

( CAL· Calibrate Larnd8 J 1.0DE-03

~.lXIE"",..

L CAl2·Cai..... Mx J
ci'.ooe-05

1.DClE..Q6

t.oae-ar

1.00E..QI!

( CAU • Callb_ L.omdo• Mx J

Normalized Conc:.ntmion

GJ·..
• PAl '

• R

Attenuation Faaor-CsIC :a:

PAL - Plume Attenuation Length [II]
PAL/l - Scaled PI..."e Attenuation length

R - Distance to Nearest Receptor Location [Il]

Time to Reech
Steedy State

(yI)

PAL <1
M1 <1

205 M2 <1
0.07 M3 <1

104 Receptor Is WNO PI R <1

4.07E-+04
-e.75E~

JPAL[--~

MODEL OUTPUT
6) Run Plume AUenultioD Length MICro ·pAl"
CsICgw- • Iltenuation fador at target concentfltion

(C5ICgw" - AFpal)l(CsICgw")

7) Rte.ptgr Attenuation
AFr - Attenuation Fec:tor at Receptor
Cr - Concentration at Receptor (mgJ1]
Cgw' - Target Concentration [mgJ1]

6.06E+02
2.69E+OO Exceeds Target

0.043

II) Input Coolamjoant pata
S - Solubility Lim~ of Contaminant (mg/l)
R - Retardation Factor

1750
2

9) Target Sourc, Conc;etration
Cs" - Maximum Source Concentration Img/l)
Cs - Source Concentration [mgJ1]

26.06
1750.00 Source Reduction Rqrd

Run30 12117/97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Model parameters"

n - Porosity (nA3IltA3]
K - Hydraulic Conductivity ["'day]
i-Groundwater Gradient(",")
lamda - anenuation rale (lIday]
Mx - muniplier for longitudinal dispersivity (alph x =Mx"x)
My - rnultiplier for transverse dispersivity [alph y = My'alpha-
Mz - muniplier for vertical dispersivity (alpha-z = MZ'alpha-x]

Jngyt
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

MIn .M.u
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

21lnpyt Soyrce Pata"
Cs - Source Concentration (mg/l]
y - source width perpendicular to groundwater flow (ft]
Z - source deplh below water table [It]
L - farthesl distance to be evaluated from source (ft]

NOTES:

16.5
263 This run simulates benzene trom lhe source at qpns reasonable scenario.

18
3000

3) Input Monitoring point Data"

Monitoring Point
Cm - concentration al monitoring locations (mg/l)
M - Distance to Monitoring Locations (It]

4) Input Receptor Data"

R - Distance to Nearest Receptor Location (ft]
Cgw' - Target Concentration (mg/l]

104
4.30E-42

MODEL CALIBRATION

Attenuation FactOPCslC{xt

..
"

I''::
I
! 1.00E-+02

IT]• M

• PAl.

• R

0.0000 Min (from cell Be)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIO!
O.OOE+OO ######II O.OOE+OO
O.OOE+OO ######II O.OOE+OO
O.OOE+OO ######II O.OOE+OO
O.OOE+OO

Nonnaliud Concentnltion

u,.£.<...l---- ---J

o

1.00E...(II

CAL2 • calibrate Mx

CAL- callbr8t~ Lamda

INrTlAL - Initialize Inputs

CAU • Calibrm. Lamd. & MJ.

( J ! ',::~=.=;.:.==----,

[~-~JI;::
1-( r:::

( J

5) Ryn Calibration M.trpI

Iamda - anenuation rate [lIday) (.001 - .01)
Mx - muniplier for longitudinal dispersivity (alph....x =Mx"x] (0.
AFm - aneooation factor at location m
Xm - Normalized concentration allocation m
Xm' - modeled normalized concentration at location m
(1-Xm"/Xm)1lo2

Sum of Squares (1-Xm'/Xm)A2

<1

<1

<1

Time to Reach
Steady State

<Yn
3lIPAL

Ml
3348 M2
1.12 M3
104 Receptor is wlin PI"'R"-__---'_.J

3.84E+02
-l.99E~

PAL[ J
PAL - Plume Anenuation Length (It]
PAL.JL - Scaled Plume Anenuation Length
R - Distance 10 Nearest Receptor Location [ft)

MODEL OUTPUT
6) Run Plume Attenuation Length Macro ·PAL·
CsICgw- • attenuation factor 8t I.rvel concentration

(CsICgw" - AFpol)l(CsICgw'J

nReceptor Attenuation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor Imgllj
Cgw' - Target Concentration [mgll]

1.63E+00
1.01 E+01 Exceeds T8rget

0.043

8) loaut Contaminant Data

5 - Solubility Limit of Contaminant (mg/l)
R - Ratardation Factor

1750
2

9) Target Source ConCilratioD
Cs' - Maximum Source Concentration (mg/l]
Cs - Source Concentration ImgIJJ

0.07
16.50 Source Reduction Rqrd

.....__eo
12n5S7



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Inpyt Row Mode' Parameters"

n - Porosity [1I"3IftA3]
K - Hydraulic Conductivity [ft/day)
i-Groundwater Gradient [1lIII)
lamda - aIIenualion rate II/day]
Mx - muijiplier for longitudinal dispersivily [alpha-x = Mx"X)
My - muijiplier for transverse dispersivily [alpha-y = My"alpha­
Mz - muijiplier for vertical dispersivily [alpha-z = Mz"alpha-x)

1Illl.U1
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min Mu
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.055

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Inpyt SoUDi. Data·
Cs - Source Concentretion [mg/ll
y . source width perpendicular to groundwater flow [II)
Z - source depth below weter table [Ill
L - farthest distence to be evaluated from source [II]

0.0002
263
18

3000

31 Input Monitoring point Data'

Mon~oringPoint
Cm - concentration at mon~oring locations [mg/l)
M - Distance to Mon~oring Locations [II)

4) Input Receptor Pat.·
R - Distence to Neantst Receptor Location [II]
Cgw- - Target Concentration [mg/l]

104
2.96E~5

MODEL CAUBRATlON

5) Run Calibration M.crps

lamda - aIIenuation rate II/day) (.001 - .01)
Mx - muijiplier for long~inal dispersivity [alpha-x =Mx"X] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm" - modeled normalized concentration at location m
(1·xm-lXm)"2

Sum of Squares (1-Xm"IXm)"2

0.0549 Min (from cell B8)
0.1000 (from cell B9)

#OIV/O! #OIVIC! #OIVIC!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

~NITIAL • Inl_olnputs 1
J

( CAL - Calitnte Lamda J
[ CAl2-CalibratoMx J
( CAL3 - calibntll Lamda & Mx J

,.ooe..., NormallZlld Concentrmion

1.DOE..Qt

1.00E.Q'2

1.00E..Q3

1I.00E<14
"-

\
- ......it·OOE4l

• M1.00E-OlS
• PAl.

1.00E-G7
• R

1.COE.QII

1.00E-ClEI

0 "'" dlmn~~ 3000 300ll

AfteD!,atjoq e8dOpCsIC(x)

GJ• M
• PAl.

• R

Tome10 Reach
Steady Stete

(yI)
PAL 384
M1 <1

M2 <1
M3 <1

R 1102

20

0.01

104

G.7GE+OO
-2.02E.Q4

PAL( J

MODEL OUTPUT
6l Run Plug Atbmuation LlOgtb Macro ·pAL"

C.sJegw- - al1enu8tion factor III tlrvet concen1r11tion

(CsICgw" • AFpal)l(CslCgw1

PAL - Plume Attenuation Length (III
PAUl- Scaled Plume AltenJalion Length

R - Distance to Nearest Receptor Location [II]

7) Receptor Attenuation
AFr - Attenuation Factor et Receptor
Cr - Concentretion et Receptor [mg/1)
Cgw" - Target Concentration (mg/l]

1.89E+03
1.06E-<l7

0.0000296

8) Input Contaminant Dill
S - Solubility Lim~ of Contaminant (mg/l)
R - Retardation Factor

0.006
4424

9l Targwt Source CQDCtttntion

Cs" - Maximum Source Concentration [mg/l]
Cs - Source Concentretion [mg/1)

>S
0.0002

1:"",/97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Bow Mod,. parameters'
n - Porosity [ftA3IftA3)
K - Hydraulic Conductivity Ill/day]
i-Groundwater Gradient [llIII]
lamda - attenuation rate 11/day)

Mx - muniplier for longitudinal dispersivily (alpha-x = Mx"X)
My - muniplier for lransverse dispersivity [alpha-y = My"alpha­
Mz - muniplier for vertical dispersivity [alpha-z = Mz"alpha-x]

1nIlIII
0.25
17.2

0.0069
0.00549 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
00001 0.01

0.005490.00549

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Soure. D.ta·

Cs - Source Concentration [mg/l)
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table (ft]
L - farthest distance to be evaluated from source [ft]

0.0005
263

18
3000

NOTES:

Thasrun simu~es chrysene from the source at QPNS reasonable case scenario.

31Input Monitoring point oat.·
Monnoring Point
Cm - concentration at monnoring locations [mgll]
M - Distance to MonnOfing Locations [ft]

4) Input Receptor [)ata~

R - Distance to Nearest Receptor Location [ft]
Cgw" - Target Concentration [mg/l]

104
2.96E-05

MODEL CAUBRATlON

$) Run C,UbratlM Macros

lamda - attenuation rate [l/day) (.001 - .01)
Mx - muniplier for longitudinal dispersivity [alpha-x = Mx"X] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm" - modeled normalized concenlration at location m
(1-)(m"lXm)'2

Sum of Squares (1-Xm"IXmj"2

0.0055 Min (from cell B8)
0.1000 (from cell B9)

#OIVIO! #OIVIO! #DIVIO!
O.ooE+OO _ O.ooE+OO
OOOE+OO _ O.ooE+OO
O.OOE+OO _ O.ooE+OO

O.OOE+OO

1.00E+OO,<....-_-~- __~ _I

o "" llIWanc1iWom~..i'Ii\} 3OllO 3500

( )EINITIAl.· fnlialize Inputs
1.lXJE-D1

1.00E-02

[ J
1.lXlE-03

CAL - Calibrate Lamda
(lDOE-o<,.

[ )
aDDE-CS

CAl2-ca_Mx 1.DOE.oe

1.DOE-07

( )
,.ODE_

CAU· CIIlib,.. Lamdl & Mx 1.00E-<&
0

NOlTnallzed Concentration

- ......
• M
• PAL.·.

1.00E..aI

1.00E+a7

1.00E+06

1.lXlE+03

1.00E+02

1.lXlE...a1

rn• M
• PAL.

• •

<1

<1

<1

2102

Time to Reach
Steady Stale

(yr)

3-492PAl
Ml

187 M2
0.06 M3
104 Receptor Is wlln PI"R.o-__-==--'

1.69E+Ol
7.70E-04

PAl.[--~)

MODEL OUTPUT
6) Run plUD!I ADenuatlon Length Macro -PAL-

CsICgw"· ottllflUOilon _1II1a1V111 """""_
(CsiCgw" - AFpel)l(CsICgw")

PAl- Plume Attenuation Length [ft)
PAUL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [ft]

7) Recl_ Atttnuatlpn

/lfr· AIlenuaiion Factor 81 Receptor
Cr - concentration at Receptor [mgll)
Cgw" - T..-get Concentration [mgl1J

4.B3E+OO
1.04E-04 Exceeds Target

0.0000296

8) Input Contanjolnt Dab
5 - Solubilny Umn of Contaminant (mg/l)
R - Retardation Factor

0.006
4424

9) Target SouR' Conc,lratIon
Cs" - Maximum Source Concenlration [mg/l]
Cs - Source Concentration [mg/l]

0.00014
0.00050 Source Reduction Rqrd

1:ztl5197



Plume Attenuation Model: FATE2

MOD~l PARAMETER INPUT

1) Input Bow Model Parameters"
n - Porosity [1t'3III'3]
K - Hydraulic Conductivity [ft/day]
I - Groundwater Gradient [flIft)
lamda - attenuation rate [1Idayj
Mx - multiplier for longitudinal dispersivity (alpha-x = Mx"x]
My • multiplier for transversa dispersivity [alpha-y =My"alpha­
M, - multiplier for vertical dispersivity (alpha-z = M,oalpha-x]

1DJllIl
0.25
17.2

0.0069
0.0007 Min

0.1
0.33
0.05

Min M.u
0.1 0.6

0.01 100
0.0001 0.01
0.0007 0.0007

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Source Data-
Cs - Source Concentration (mgl1)
Y - source width perpendicular to groundwater flow [It)
Z - source deplh below water table [ItI
L - farthest distance to be evaluated from source [It)

NOTES,

0.006 >S
263 This run simulates chrysene from the source a1 QPNS worst case scenario.

18
3000

3) Input Monitoring point Dala"

Monitoring Point
Cm - concentration at monitoring locations [mglij
M - Distance to Monllering Locations [It)

4) Input Receptor Datil"

R - Distance to Nearest Receptor location [It]
Cgwo - Targat Concentration [mglij

104
2.96E-oS

MODEL CAUBRAnON

$) Run Calibration Macros

lamda - attenuation rate [11dayj (.001 - .01)
Mx - multiplier for Ionglludinal dispersivity [alpha-x =Mx"x] (0.
Al'm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm° - modeled nonnalized concentration at location m
(1~Xm·txm)""2

Sum of Squares (1-Xm°IXm)'2

0.0007 Min (from cell B8)
0.1000 (from cell B9)

#OIVIO! #DIVIO! #OIVIO!
O.ooE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

( J I'ooe-oo K
NOrrnlillzed Conuntnrtion

I
t.OJE+04

INITIAL - Initialize InpAs

1'·00e~1.00E.Q2

(:L- Ca.bnlte Lomda
': 1.00E-03

1.00E.m

) I <!.ooe.04

JI~::
- ...... I llooe<02

D( • M • MCAll - Calibrate Mx
• PAl. • PAL

UXJE.-07
• R 1.lXlEot01 ·.

( )
1.00E4I

CAL3 • calib-. umc&. I. Mx 1.00E.(19

• SOD 1l~ .. i'll'Il>cal 3SOO
soo Il!!/Ilonc1O'il'<>m'tIJU..i'fi\'l >cal 3SOO

<1

<1

<1

2577

Time to Reach
Steady Stale

(yr)

22621PAL
M1

1147 M2

0.38 M3
104 Receptor is wltn PI"R.:....__-=,-,--,

2.03E+02
-2.31E4I

JPAL[--~

MODEL OUTPUT
6) Run Plume Attenuation Length Macro "PAL·
CsICgw- - lIttenu8tion factor at target concentration

(C5ICgw" - AFpel)/(C5ICgw*)

PAL - Plume Attenuation Lenglh [Ill

PAl/l· ScaledPlume Attenuation length
R - Distance to Nearest Receptor Location [It]

n Receptor Attenuation
J>Fr- Attenuation Faclor at Receptor
Cr - Concenlration at Receptor [mglij
Cgwo - Target Concentration (mgllj

1.90E+OO
3.16E.Q3 Exceeds Target

OO296סס.0

8) Input Contaminant PiItI
S· SOlubi~tyLimn of Contaminant (mgl1)
R - Retardation Factor

0.006
4424

9) Target Soun:e Concetratjon
Cs' - Maximum Source Concentration (mgllj
Cs· Source Concentration [mgl1]

0.000056
0.0060 Source Reduction Rqrd

12J171f1T



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Row Model parameters"
n • Porosity [IlA3IftA3)
K • Hydraulic Conduc:livity [fl/day]
i-Groundwater Gradient [ftIft]
lamda - attenuation rate [lIday)
Mx - muniplier for longitudinal dispersivity [alpha-x =Mx·x]
My - muniplier for tnlnsverse dispersivity [alpha-y = My·alpha­
Mz - rnultiplier for vertical dispersivity [alpha-z = Mz"alpha-x]

InIIIII
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01

0 0.000
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Soyrce patil·
C. - Source Concentration [mg/I]
Y - source width perpendicular to groundwater flow [It]
Z - source depth below water table (It)
L - farthest distance to be evaluated from source (It]

0.0005
263
18

3000

3) Input Monitoring point Pala'

Monnoring Point
Cm - concentration at monitoring locations [mg/I)
M - Distance to Monitoring Locations [It]

4' Input Receptor Pat.-
R • Distance to Nearest Receptor Location [II]
Cgw· - Target Concentration [mgll]

104
2.96E-ll5

MODEL CAUBRAnON

OOסס.0 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIOI #DIVIO!
O.OOE+OO ######II O.ooE+OO
O.OOE+OO ######II O.ODE+OO
O.ooE+OO ######II O.ODE+OO
O.ooE+OO

$) Run CalibmtloD Maerps

lamda - attenuation rate [l/day) (.001 - .01)
Mx - muniplier for longnudinal dispersivity [alpha-x =Mx*x) (0.
AFm - atter-...ationfactor at location m
Xm - Normalized concentration at location m
x.m* •modeled normalized concentration at location m
(1-Xm"/Xm)*2

Sum of Squares (1-Xm·JXmJ"2

[ INITIAL· Inltilllze Inpuls J
( CAL • Calibrate Lamda J
( CAL2 • Calibra1e Mx J
( CALJ - Calibnltw Lama & Mx J

~::~-
1.00E-a2

1.COE4J

l!.""'"'",.. ......it·ooe-os
• M1.00E.Q8
• P....

1.00E..Q7
• R

1.00E-GI

1.00E~

0 sao l1llllon~~ 3OllO 3!5llO

I'""'<03 ,....------""""'IOIUuL&J:""""-"l:(>l----,

I
I,ooe..,
I

I~ ~
: ,ooe~ ! : ~J

I,-~V: __n:i'\'iIl__1

PAL - Plume Attenuation Length [Ill
PALn. • Scaled Plume Attenuation length
R - Distance to Nearest Receptor Location [It]

MODEL OUTPUT
6) Bun plu,", Attenuation Length NIGra "pAL·
CsICgw-. attenuation factor lit target concentration

(CsICgw" - AFpal)J(CslCgw1

<1

<1

<1

2655

TIme to Reach
Steady State

(yI)

17127PAL
Ml

671 M2
0.22 M3
104 Receptor Is wRn P1"-R'-__..:::.:O"".J

1.69E+Ol
-l.68E-ll4

JPAL[

nRtc!lJllPr A!ltnuat!on
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll)
Cgw· - Target Concentration [mgll)

1.63E+OO
3.07E-ll4 Exceeds Target

0.0000296

Sllupul Coulamlu.nt Data
S • Solubility Limit of Contaminant (mgll)
R - Retardation Factor

0.006
4424

9) Target Saure, Conc,tratloo

Cs" - Maximum Source Concentration [mgll)
Cs - Source Concentration [mgll)

0.00005
0.00050 Source Reduction Rqrd

ShelI~Co. 12f15I9T



PlumeAttenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model ParameleD"
n - Porosity IftA3Ifl'3)
K - Hydraulic Conductivity [flJday]
i-Groundwater Gradient [ltIft)
lamda - attenuation rate [l/day]
Mx - mu~iplier for longitudinal dispersivity [alpha-x =Mx"x]
My - mUltiplier for transverse dispersivily [alpha-y = My'alpha­
Mz - multiplier for vertical dispersivity [alpha-z =Mz'alpha-x]

InRu1
0.25
17.2

0.0069
0.516 Min

0.1
0.33
0.05

Min Mu
0.1 0.6

0.01 100
0.0001 0.01

0.516 0.516
0.05 0.2
0.1 0.3333

00125 0.1

2) Input Source pata'
Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [ft]

NOTES;

32.9 >S
263 This run simulates naphthalane hom the source at QPNS best case scenario

18
3000

3) Input Monitoring PoIntpata'
Monitoring Point
Cm - concentration at monitoring locations [mgllJ
M - Distance to Monitoring Locations [ft]

41 Input Receptor pata·
R - Distance to Nearest Receptor Location [ft)
Cgw' - Target Concentration [mgllJ

104
9.90E+OO

MODEL CAUBRAnON

5) Run Calibration M,cros

Iamda - attenuation rate [lIday] (.OOl - .01)
Mx - mu~iplier for longitudinal dispersivily lalpha-x = Mx"x! {O.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-Xm-lXmY'2

Sum of Squares (1-Xm'/Xm)"2

0.5160 Min (from cell BS)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIOI
O.OOE+OO O.OOE+OO
O.OOE+OO O.OOE+OO
O.OOE+OO O.OOE+OO

O.OOE+OO

GJ·"
• PAl.

• R

(
INITIAL - Inillafiz:e Inputs 'I

l )

(

JI CAL ~ Calibrate Lamda

\

[ CA12 • calibrate Mx J

[ CAL3 • calibrate Lamda & Mx J

1,(IJE.oo Nonnalized Concentl'lltion

1.00E:-D1

1.00E-02

t.toe43

I!lODE..,. ......
~.00£-{J5 ·"

,
1.DDE.Q8 • p","

UIJE;-07 • R

1JX!E-oe

'.OOE-oe
0 "'" Illmn.~rd'fIIl 3OllO 3500

'.ODE'" r-r-__JIWlLlllliMbs;w,gl!:l>~_...,
1.DDE+75

1.00E..m
1.DDE+95

'.OOE+fIO
1.00E+55
1.00E+50
1,1XlE+45

~.OOE""
1.00E+J5
1.00Eot3D

'.OOE:+25
1.DDE+20

HlOE+15

1.00E+,O

1.00E-+05
1.00E+<lO.&----~_~ _I

o

TllIleto Reach
Steady Slate

(yr)

PAL <1
M1 <1
M2 <1
M3 <1
R <1

1

0.00

104

3.32E+OO
-5.65E~

PAL[__J

MODEL OUTPUT
6) Run Plume Attenuation LIDQ1b Macm "PAL"

C$/Cgw* • 8ttenull1lon factor at I.rgel eoncentration

(CsICgw" • AFpol)/(Cs/Cgw")

PAL - Plume Attenuation length (ft)

PALll- Scaled Plume Attenuation Length

R- Distance toNsarest Raceplor Location [It]

7l Receptor Attenuation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll]
Cgw* - Target Concentration [moll)

6.36E+12
5.17E-12

9.9

8) Inpyt Contaminant Data

S - Solubility Limit of Contaminant (mgll)
R - Retardation Factor

32.9
10

9) Targe. Source ConcetratioD
Cs" - Maximum Source Concentration Imgll]
Cs - Source Concentration [mgll]

>S
32.90

17l17tr1T



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Sow Model parameters"
n - Porosity [fI"3IftA3]
K - Hydraulic Conductivity [ftIday)
i-Groundwater Gradient [MI]
lamda - attenuation rate (l/day]

Mx - multiplier for longitudinal dispersivity [alpha-x =Mx<XJ
My • murtiplier for transverse dispersivrty [alpha-y =My"alpha­
Mz - murtiplier for vertical dispersivity [alpha-z = Mz"alpha-x)

IIlPIll
0.25
17.2

0.0069
0.0516 Min

0.1
0.33
0.05

Min MiIx
0.1 0.6

0.01 100
0.0001 0.01
0.0516 0.0516

005 0.2
0.1 0.3333

0.0125 0.1

2] Inpul SaUDi' Data·
Cs· Source Concentration [mgll)
y - source width perpendicular to groundwater flow [Il]
Z - sourcedepth below water table [Il)
L • farthest distance to be evaluated from source [Il]

NOTES:

32.9 >S
263 This run simulatesn.phthalane from the source at QPNS reasona~ scenario

18
3000

3) Inpyt Monitoring point Data'

Monitoring Point
Cm - concentration at monrtoring locations [mgll]
M • Distance to Manrtoring Locations [Il]

4) Input Receptor P'ta"

R • Distance to Nearest Receptor Location [Il)
Cgw" - Target Concentration [mgll]

104
9.90E+OO

MODEL CALIBRATION

$) Bun C.llbration MICrDIj

lamlla - attenuation rate [1/day) (.001 •.01)
Mx - murtiplier for longitudinal dispersivity [alpha-x = Mx"X] (0.
AFm - etlenuation factor at location m
Xm • Normalized concentration at location m
Xm- - m~ed normalil:ed concentration at kx:ation m
(1.Xm-lXrn)A2

Sum of Squares (l-Xm"/Xmr2

0.0516 Min (from cell 88)

0.1000 (from cell 89)
#OIVIO! #OIVIO! #DIVIO!
D.OOE+OO~ O.OOE+OO
D.OOE+OO~ O.OOE+OO
DOOE+OO~ O.OOE+OO
O.OOE+OO

1.0DE"" r--__...A!lJ.lllalilm.Ell:laf!!l:li/l;Jltl...._.
1.00E+24

UI)E+22

1.o:JE+20

1.00E+tS

1.CXlE+16

~.CDE+14

~.00E+12

l.C1OE+l0

r.ece-ee
1.00£+06

1,DJE+04

t.OOE-+Q2'.ODE -l

o

I~
~

I'----------------~

Normallnd Concentration
1.00E~

U30e..o1

I
1.DJE.Q2

1.0DE43

I "ODE""

\
i

I~ODE~ ....... i

• MI 1.00E..Q6 • PAl

• •I t.OOE..Q7

1.00E-Q8

1.COE-<l9

0 "'" 1I1m..Mm_rc:i'lIil :llIQO 3SOOJ

~~JI
___J

J

[ INITIAl.· In.IoIize Inputs

[ CAL- ea_. Camel.

L CAl2. ea....... Mx

[<;AU.CoII_ Lomdo& Mx

PAl. - Plume Attenuation Length [II]
PAlIL - Scaled Plume Attenuation Length

R- Distance to NearestReceptorLocation [Il]

Tllne to Reach
Steady State

<m
PAL <1

M1 <1

M2 <1

M3 <1

R

12
0.00

104

3.32E+OO
-2.05E-C4

PAl._______J[

MODEL OUTPUT
6) Run Plug AttlrJUatlgD Ltngtb Macro "PAL"
CsJO;jW"- lit t-vetconcentration

(CsICgw" - AFplIIJ/(c.ICgw")

7) Ree.plpr Atttnultioo
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll]
Cgw" - Target Concentration [mgll]

1.39E+03
2.36E.Q2

9.9

8) Inpyt Contlno,nt Data

S - SolubRity Limit of Contaminant (mgll)
R - Retardation Factor

32.9
10

9) Target Soyrc. ConcetratioD

Cs" - Maximum Source Concentration [mgll]
Cs - Source Concentration [mgll]

>S

32.90

12117/W



PlumeAttenuationModel: FATE2

MODEL PARAMETER INPUT

11Input FlOWModel Parameters"
n - Porosity [Il A3IftA3]

K - Hydraulic Conductivity Ift/dayl
i-Groundwater Gradient [M]
lamda - attenuation rate [1/day]
Mx - multiplier for long~udjnal dispersiv~ [alpha-x =Mx"x]
My - muniplier for transverse dispersiv~ [alpha-y = MyOalpha­
Mz - multiplier for vertical dispersivity lalpha-z =Mzoalpha-x]

InIIIII
0.25
17.2

0.0069
0.035 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01

0.035 0.035
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Souree Dat.·

Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [II]
Z - sourcedepth below water table [II]
L - farthest dislance to be evaluated from source[II]

32.9 >S
263 This run simulates naphthalal1e from the source at QPNS worst case scenario

18
3000

]) Input Monitoring point Data·
Monooring Point
Cm - concentration at monooring locations [mgll]
M - Distance to Mon~oring Locations [II]

4llnput Receptor Data·
R - Distance to Nearest Receptor Location [Ill
Cgw' - Target Concentration [mgll]

104
9.90E+OO

MODEL CALIBRATION

$) BUD Calibration MICros

lamda - attenuation rate 11/day] (.001 - .01)
Mx - multiplier for IongNdinal dispersiv~ [alpha-x =Mx"x] (0.
AFm - attenuation factor at location m
Xrn - Normalized concentration at location m
Xm- • modeled normalized concentration at location m
(1-XmolXm)-'2
Sum of Squeras (1-Xrn°/Xmr2

0.0350 Min (from cell B8)
0.1000 (from cell 89)

#DIVIO! #DIVIO! #OIVIO!
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.OOE+OO
O.ooE+OO

--~.DDE+12

cfj.00E+l0

1.DOE+Ol!I

UIOE+OI5

UJDE+04

UIDEi0Q2'.OOE:tOO~ -l

•

ITJ• M
• PAL

• R

1.00E+18

'.ODE'" r-r-__..J__:i<m.f.ll:1ll<!!l:I~oL_-,

UX!E+:(D

1.DDE+1B

UXle:-"'4

1.00E-oe,.......~-~---------_--I•

C INIT1AI. - Inltialz. InpulS

Trme to Reach
Steady State

(ytl

PAL <1
M1 <1
M2 <,
M3 <1
R

le

0.01

104

3.32E+OO
-6.64E-04

PAl."---__J(
PAL - Plume Attenuation Length [ft)

PALIl- ScaledPlume Attenuation Length

R• Distance toNearest Receptor Location [II)

MODEL OUTPUT
§) Run PlUJDI Anenuatioo Length Macrp "PAL"

CsICgw* • lIltenuation f8ttor at t.rgel concentration

(CsICgw" - AFpol)l{CsICgw")

7) Receptor A!tanyaHoD

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor (mgll]
Cgw' - Target Concentration (mgll]

2.63E+02
1.25E~1

9.9

8) Input Contlnioant Data

S - Solubil~ Lim~ of Contaminant (mgll)
R - Retardation Factor

32.9
10

9) Target Source Concetratjon

Cso - Maximum Source Concentration [mgJl]
Cs - Source Concentration [mgll]

>S
32.90

.... ,,"-Co R""'" 121171!17



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Model Pimmtt.,,·
n - Porosity [ftA3Ift"3]
K - Hydraulic Conductivity [fl/day)
i-Groundwater Gradient (llJlI]
lamda - attenuation rate (l/day]
Mx - mu~iplier for longitudinal dispersivity [alpha-x = Mx"x]
My - mu~iplier for transverse dispersivity [alpha-y = My"alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz"alpha-x]

ImlII1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Sourc. Data·

Cs - Source Concentration (mg/l]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [III

NOTES:

32.9 >S
263 This run simulales naphthalane from the source at QPNS reasonable scenario

18
3000

3) Input Monitoring point Data"

Monnoring Point
Cm - concentration at monnoring locations [mgl~

M - Distance to Monnoring Locations [II]

41luput R..,tplor Data·
R - Distance to Nearest Receptor Location [II]
Cgw" - Target Concentration [m~

104
9.90E+OO

MODEL CALIBRATION

5) Run Calibration Macros

lamda • attenuation rate [l/day) (.001 •.01)
Mx • mu~ipJier for Iongnudinal dispersivity [alpha-x = MX"x1(0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m
)(me. modeled normalized concentration at location m
(1-Xm"lXmj"2

Sum 01Squares (1.Xm"/Xm)"2

Attenuatipn FictPFCslClxI

1.00E+02

1.00E+01

I.DOEOOO ¥--_- -_-_-__-I

o

0.0000 Min (from cell B8)
0.1000 (from ceq B9)

#DIVIOI #DIVIO! #OIVIO!
O.OOE+OO ##1##1## O.OOE+OO
O.OOE+OO ##1##1## O.OOE+OO
O.OOE+OO ##1##1## O.OOE+OO
O.OOE+OO

'.DDE+OO
Normalized Concentration

1.DOE~<..;1.CXJE.Q2 -
UIOE43

"DOE.".,. ..-
i)'DOE.Q5 ·M

1.COE...oe • PAl.

I 1.00E<77 • R

~1.00E-<&

o SOD dlmncll'l'l'om'§lJrci't!il 3000 300llJ

CAL - Calibrate Lamda J
---------~

J

(

[ CAU· cali_ Lomda & Mx

L ~

( I
I, ~)

<1

<1
<1

Time to Reach
Steady State

(yr)

13PAL
Ml

227 M2
0.08 M3

104 Receptor is wlinPI'L:R.:.-__~....J

3.32E+OO
3.02E-Q4

PAL'------)[

MODEL OUTPUT
6) Run PlulIII Attenuation LlDgtb Macro "PAL"

CSJegw- - lIhenuBlion fador .. lIrvet concentrBlion

(CsICgw" - AFpoI)I(CsJOilw"I

PAL - Plume Attenuation Length [II]
PAUL - Scaled Plume Attenuation Length

R• Distance toNearest Receptor Location 1ft)

7) Rtctptor AlIInu.lion
AFr - Attenuation Factor at Receptor
Cr • Concentration at Rtceplor [mg/l)
Cgw" - Target Concentration (mg/l]

1.63E+OO
2.02E+01 Exceeds Target

9.9

IliUM Coolllminant Data
S - Solubility Limn 01Contaminant (mgll)
R - Retardation Factor

32.9
10

9) Target Source CgDc,tration

Cs" - Maximum Source Concentration (mg/l]
Cs - Source Concentration [mg/l)

16.15
32.90 Source Reduction Rqrd

RunS< 12115/91



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Model Pal'jjuntttecso

n - Porosity [ftA3IftA3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient IftIft]
lamda - attenuation rate (1/day]
MJc - multiplier for longitudinal dispersivity [alpha-x = Mx*x)
My - multiplier for transverse disperSivity [alpha-y = My"alpha­
Mz - multiplier for vertical dispersiv~y [alpha-z = Mz"alpha-x!

InpIll
0.25
17.2

0.0069

0.535 Min
0.1

0.33
0.05

Min M.u
0.1 0.6

0.01 100
0.0001 001

0535 0.535
0.05 0.2

0.1 0.3333
0.0125 0.1

21Input Sourc. Data·
Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [ft]
Z - source deplh below water table [Il]
L - farthest distance to be evaluated from source [Il)

NOTES:

1.5
122.3 This run simulates benzene from the source at MeNS best case scenario.

6
3000

3) Input Monitoring pojnt Dat.·

Monitoring Point
Cm - concentration at monlloring locations [mgll]
M - Distance to Monitoring Locations [Il)

41 Input Rcceptor Data'

R - Distance to Nearest Receptor Location [ft]
Cgw" - Target Concentration Imgll]

181
4.30E-Q2

MODEL CALIBRATION

5l Run CAlibration Macros

lamda - attenuation rate [1Iday] (.001 - .01)
MJc - multiplier for longlludinal dispersivity [alpha-x = Mx*x] (0.
AFm - attenuation factor at location m
Xm- Normalized concentration allocation m
Xm- • modeled nonnalized concentration at location m
(1-Xnl"JXm)"2

Sum of Squares (I-Xm"IXrn)"'2

0.5350 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

- .......
• M
• PAL

• •

Attllnuation F_cto,..CSI xNonuliDd COnQnlnltion
1.DJE+OO

1.DDE-Q1

1.DDE..Q2
I

1.lXIE-a3

I M,;;'I~.ooe.()4
"-B'.ooe-05 • M I

1.lXlE-oI ::AL I
1.lXIE-a7

1.DOE-QIlI

1.lXIE-at

0 eeo dBrJiPom'!i\lLrci'lfl1 30lXJ
3ISOOJ

~_J

J ~
--------~

J

( INITIAL· Initialize Inputs

C=::L.c._. Lomda

Tit.... 10 Reach
Steady Stale

(ytj

PAl <1
M1 <1
M2 <1

M3 <1

R <1

4
0.00
161

3.49E+01
-7.82E-D4

PAL(__~J

MODEL OUTPUT
6\ Run Plume Atttnyation Length ••em "PAL"
c.x:gw-- ottenu_ IacIor It target _ration

(CsICgw" - AFpol)/(CsICgw")

PAL - Plume Attenuation Length [ft]

PAUl- Scaled Plume Attenuation Length

R• Distance to Nearest Receptor Location [Il]

7) Receptor Atbmua!iOD

AFr • Attenuation Factor at Receptor

Cr - Concentration at Receptor [mgll]
Cgw" - Target Concentration [mgllJ

3.42E+18

4.38E-19
0.043

8) Input Contaminant Qatl

S • Solubility Limll of Contaminant (mgll)
R - Retardation Factor

1750
2

9) Target Soure. Cgncetratlon

Cs"· Maximum Source Concentration [mgll]
Cs - SourceConcentration ImgllJ

>S
1.50

12117197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model ParaDllteCS"

n - Porosity [1I·3Ift·3]
K - Hydraulic Conductivity [II/day]
i-Groundwater Gradient [IIIIIJ
lamda - attenuation rate 11/day]
Mx - muftiplier for longitudinal dispersivily [alpha-x = Mx"x]
My - muftiplier for lransverse dispersivfty lalpha-y = My"alpha­
Mz - muftiplier for vertical dispersivily lalpha-z = Mz"alpha-x]

!nIllll
0.25
17.2

0.0069
0.0535 Min

0.1
0.33
0.05

Min .Mu
0.1 0.6

0.01 100
0.0001 0.01
0.0535 0.0535

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Soyrce pata0

Cs - Source Concentration [mg/ij
Y - source width perpendiClJlar to groundwater flow [IIJ
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source (ftJ

16.5
122.3

6
3000

NOTEs:

This run simulates benzene from the soun:e at MeNS reasonatHe scenario.

3) Input Monitoring Point Data'

Monitoring Point
Cm - concentration at monitoring locations [mg/I]
M - Distance to Monitoring Locations [ftJ

4) Inpyt Rcecplor [)ata-

R - Distance to Nearest Receptor Location [IIJ
Cgw" - Target Concentration [mg/l]

181
4.30E.Q2

MODEL CALiBRAnON

$) Run Calibration Macrps

lamda - attenuation rate [l/day] (.001 - .01)
Mx - muftiplier for longitudinal dispersivily [alpha-x = Mx"x] (0.
AFm ~ attenuation factor at location m
Xm - Normalized concentration at location m
Xrn" - modeled normalized concentration at location m
(1-Xm·JXm)"'2

Sum of Squares (1-Xm"IXrn)·2

ttenuation FactOf=CsIC ..1:::=,----<========---,

I
~::::
t.ooe:+2D

I 1.00E:+18

I 1.00E:+16

i ~.0llE""
1.00£+12

1.CD£+lD

1.00E-.oe

1.00E..-os
1J)0£,'"'04

'.00£+02r.ece-cc l- --J

o

IT]• M
. • PAl

• R

0.0535 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

NonnaliDd Concentration

1.1XJE4l1.OllE-OO'--4 ~-~_ _l

o

CAL - Caibrate Lamda

INIT1AL- IniUalizeInputs

[ CAL3 - CAllb_ Lomdo • M.

( 11=!l J 1"OllE-e1-----------~ 1.CXIE-a2

( ) ;::
J

&0llE-<l5
'.00E.08

,.ooe..oT

J

Time to Reach
Steady State

(yrl

PAL <1
M1 <1
M2 <1
M3 <1
R <1

65
0.02
lBl

3.84E+02
-3.47E4I

PAL[~_~J

MODEL OUTPUT
6) Run PlUllHt AttlDuation Length Macm "PAL"
CsICgw'"- attehuatlon factor at target concentnllton

(CsICgw" - AFpol)/(CsICgw")

PAL - Plume Attenuation Length [II)
PAlJL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [II)

7) Receptor AUtnyillOll
AFr - Attenuation Factor at Receptor

Cr - Concentration at Receptor (mg/l]
Cgw" • Target Concentration [mg/l]

2.35E+05
7.01E-05

0.043

8) InPUt Cont.mlnant [)ala

S - Solubility Lim~ of Contaminant (mg/l)
R - Retardation Factor

1750

2

9) Tamet SourceCancetration

Cs" - Maximum Source Concentration [mg/l)
Cs - Source Concentration [mg/l]

>S
16.50

12/17$



Plume Attenuation Model: FATE2

MODELPARAMETERINPUT

1) Input Bow Model pa@lDtters­
n - Porosity [fl"3II\"3J
K - Hydraulic Conductivity (lI/day]
i-Groundwater Gradient [ftJII]
Iamda - attenuation rate [l/day]
Mx - multiplier for longitudinal dispersivity [alpha-x = MX"xJ
My - mU~iplier for transverse dispersivity [alpha-y = My"alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz"alpha-x)

InJIIll
0.25
17.2

0.0069
D.043 Min

0.1
0.33
0.05

Min MAll
0.1 0.6

0.01 100
0.0001 0.01

0.043 0.043
0.05 0.2

0.1 0.3333
0.0125 0.1

Z) Input Source pata'
Cs - Source Concentration [mgl1]
y - source width perpendicular 10 groundwater flow [ft]
Z - source depth below waler lable [ft]
L - fal1hest distance to be evalualed from source [ftJ

NOTES:

1750 >S
122.3 This run simulates benzene from the source at MeNS wcrat case scenario.

6
3000

3) Input Monitpring point Data·

Monloring Poinl
Cm - concentration al monitoring locations Imgll]
M - Distance 10 Monitoring Locations 1ft]

4) Input RKeptoc Data·
R - Distance to Nearll$l Receplor Location [ft]
Cgw' - Target Concentralion (mgllJ

181
4.30E-02

MODELCALlBRAnON

$) Run C.Hbration MICfQI

Iamda - attenuation rale (l/day) (.001 •. 01)
Mx - multiplier for longitudinal dispersivity Ialpha-x = Mx"x] (0.
AFm - attenualion factor allocation m
Xm- Normalizedconcentration at location m
Xm' • modeled normalized concentralion at Iocalion m
(I-Xm"lXm)"2
Sum of Squares (1-Xm'IXm)"2

0.0430 Min (from cell B8)
0.1000 (from cell B9)

#DNIO! #DNIO! #DNIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

( J
1.00E+QD --ll 1.COE+24 Attenulltion FactoP:CslChtl

INf1'IAL• lniliallze Inputs
1.1::':»£-01 1JX>E+22

1.C1OE~
UJOe+20

( J
,.roE·'!

CAL· C81ibrBte l8mda
1.00E-03 1.COE+16

~.OOE""

\
- ...... 1.00E+1. - ...... II'"cS'.00E45 · .. ~DOE"2 ·..( ) ·PAl. 1.00E+1D

CAL2 • Calibrate Mx 1.00E~ • PAl.

!I• R
t.DDEof()S

• Rl.CllE-07 t.OOE+06

t.OOE4S t.OOE+04

( CAU·eou_ Umdo & M1l J 1.00E-e8 t.OOE+02Y
D SOD dlmrdWom'fll.rd'lIIl 3lllJl

350D 1.00E+OO

0 SOD dIWmdo'Wom'!lllLrei'ffll 3lllJl 350D i

Tome to Reach
Steady State

(yr)

PAL <1
M1 <1
M2 <1
M3 <1

R <1

172

0.06

181

4.07E+04
-2.49E-Q4

PAl'---__J[

MODELOUTPUT
6) Run PIYme Atlcnuation Length Macrg ·pAL·

Cs/Cgw" - denuotlon fodor .. Iargel_rotion

(CsICgw" - AFpoI)/(Cs/Cgw")

PAL - Plume AIIenuetion Length (II]

PAUL· Scaled PkJrne AIIeroation Langth
R• Distance tD Nearest Receptor Location [II)

ZlRoc-PWrAbenywtion
AFr - AIIenuation Fador at Raceptor
Cr - Concentration at Receptor [mgl1]
Cgw" - Target Concentration [mgl1]

5.B8E+04
2.97E.{)2

0.043

81Input Conllmlnllli !!all
S - Solubility Liml of Contaminant (mgll)
R - Retardalion Fader

1750
2

9) Target Source CQoettndion

Cs" - MlllCimum Soun:e Concentration [mgl1]
Cs - Soun:e Concentration [mgll]

>S
1750.00

R....t 121t7m



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input BOW Modll parameters"

n - Porosity [ltA3IftA3j
K - Hydraulic Condu",,'/ity [flIday)
i-Groundwater Gracie..•t [flIftJ
lamda - attenuation ralell/daYI

Mx - multiplier lor longitudinal dispersivity [alpha-x = Mx'X]
My - muijiplier for lransverse dispersivity [alpha-y = My>alpha­
Mz - multipller for vertical dispersivity [alpha-z = Mz>alpha-xj

1nJllll
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Mu
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Soure. Oat.·
Cs - Source Concentration [mg/1]
Y - source width perpendicular to groundwater flow [It]
Z - source depth below water table [It]
L - farthest distance to be evaluated from source [ItI

16.5
122.3

6
3000

NOTES:

This run simulates benzene from the source at MeNS reasonabfe scenario.

]) Input Monitoring point Data"
Mon~oringPoint
Cm - concentration at monitoring locations [mg/1)
M - Distance to Monitoring Locations [It]

4) Input Receptor Pat."
R - Distance to Nearest Receptor Location [It]
Cgw' - Target Concentration [mglll

181
4.30E-Q2

MODEL CALIBRATION

$) Run Calibration Macros

lamda - attenuation rate [l/daYJ (.001 - .01)
Mx • muijiplier for Iong~inal dispersivity [alpha-x = Mx'X] (0.
AFm - attenuation faClor at location m
Xm • Normalized concentration at location m
Xm* - modeled normalized concentration at location m
(1-Xm>/Xm)"2
Sum of Squares (1-Xm>/Xm)A2

0.0000 Min (from cell 88)
0.1000 (from cell 89)

IIDIVIO! IIDIVIO! IIDIVIO!
O.ooE+OO~ O.OOE+OO
O.ooE+OO~ o.oos-co
O.ooE+OO~ O.ooE+OO
O.ooE+OO

• M

• PAl.

• R

AttenUllnon Factor=CslClx)

H10E..m

1.DDE+01
D• M

• PAl I

• R '

Normalized Concentration

[ INITIAL - IMlalIze Inputs J
ii,'

UIOE+OO",. ========__-,
1,ODE-01

-----------~ i 100E-02

r:>: " !, ,OOE-mI CAL • Calibrate Lamda,. ~) i "'DOE""
- ,"-

l
I ,B'DOE-OS

CAt2 - caRbnlle Mx ' i 1.DOE41
_______________~) ! 1.DOE-Q7

r--------i I'DOE41l CAU·CalibrueLamda&Mx ) 1·00E.Q9"-O-~-----------...j

<1

<1

<1

Time to Reach
Steady State

(y~

1SPAL
M1

1317 M2
0.4-4 M3

181 Receptor is wlln PI"R-'-__---==--..J

3.84E+02
7.97E..Q4

PAL[ J

MODEL OUTPUT
6) Run plyOII Attenuation Length Macro "PAL"
C$lCgw'".. lIttenuation rador at target COfI'C:entralion

(CsICllw" - AFpol)l(e.tCgw"l

PAL - Plume AIlenualion Length [It)
PAUL - Scaled Plume Attenuation Length

R • Distance toNearest Receptor Location Ill]

7)Receptor Attenuation
AFr - Attenuation Factor at Receptor
Cr • Concentration at Receptor (mgl~

Cgw- - Target Concentration [mg11J

9.36E+OO
1.76E+OO Exceeds Target

0.043

8\ Input CDDtaminant Data
S - Solubility lim~ of Contaminant (mg/I)
R • Retardation FaCIO[

1750
2

91 Tam,' Source Concttptioo

Cs" - Maximum Source Concentration [mg/1]
Cs - Source Concentration [mg/1]

0.40
16.50 Source Reduction Rqrtl

1:11""",



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input BOW Modo' Pa@DlIteCS"
n - Porosity [IlA3IftA3]
K - Hydraulic Conductivity 1ft/day]
i-Groundwater Gradient [ftIIlJ
lamda - attenuation rate [1/day]
Mx - muKiplier for longitudinal dispersivity lalpha-x = MX"x1
My - muKiplier for transverse dispersivity lalpha-y = My'alpha­
Mz - muKiplier for vertical dispersivily [alpha-z = Mz'alpha·x]

ImIIIl
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min Mn
O.t 0.6

0.01 100
0.0001 0.01
0.0549 0.05490

0.05 0.2
0.1 03333

0.0125 0.1

2) Input Soyrce Datao

Cs - Source Concentration (mgll]
y - source width perpendicular to groundwater flow Ill]
Z - source depth below water table [Il)
L - farthest distance to be evaluated from source [Ill

0.0005
122.3

6
3000

NOTES;

This run simula1es chtysene from the source at MeNS best case scenario.

3) Inpyt Mqnltoring PoInt [)atO"

Monitoring Point
Cm - concentration at mon~oring locations lmgll]
M - Distance to Mon~oring Locations [Il]

4) Input Rec.ptor patI"

R - Distance to Nearest Receptor Location [Il)
Cgw' - Target Concentration [mgll}

181
2.96E-05

MODEL CALIBRAnON

51 Run Ci!llbration Maerps
lamda - attenuation rate 11/day)(.001 - .01)
Mx - multiplier for Iong~cmal dispersivity [alpha-x = Mx"x) (D.
AFm - attenuation factor at location m
Xm - Nonnalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-xm·lXm)"'2

Sum of Squares (1-Xm'IXm)"2

0.0549 Min (from cell B8)
0.1000 (from cell 89)

#OIVIO! #DIVIO! #DIVIO!
O.ODE+OO _ O.ooE+OO
O.ODE+OO _ O.ooE+OO
O.DOE+OO _ o.DOE+OO
O.DOE+OO

OIl· ..· ....·.

....OIla'ti0n fado... csfClx)

1.0DE+10

1.00E+DIS

1.00E+Ol5

1.COE+04
1.00E+02
1.lIIE"'~-_-_- - __""

o~ J

1

' ·COE+21

'.0DE+28

1.00E-"
1.0DE+22

1 100e+2Q

I
,:ooe+n
1.0DE+18

I~OOE-"1.00E+12
I

I

Nonndzed Concentration

I
I ....... I

\
· .. I· ....·.

0 "'" dlmn&.'Il>m~\ll"c~ 3lXllJ ssoe
.-

1.00E47

1.00E..QI

1.lXE+QO

1.00E..Q1

1.00E..Q2

1.00E~

1._

[ INITIAL - 1,...lze Inputs J
( CAL - <:atitlme Lamda J
( CAL2 • Calbrate Mx J

( CAU • CalI_ ........... Mx J

Time to Reach
Steady State

(yr)

PAL ....
M1 <1
M2 <1
M3 <1

R 1509

27
0.01
181

1.69E+Ol
-1.74E-OS

PAL[~__J
PAL - Plume Altenualion Length [Ill

PAUL - Scaled Plume AllallU8tion Length
R - Distanca to Nearest Receptor Location [Il]

MODEL OUTPUT
6) Run Plume Ab,nudon Ltngtb Macro -PAL·c.JOJW"·oII__ II _

(c.JOJW" • AFpol)l(CsICgw")

7) Receptor AUenua!lon
AFr • Attenuation Fector at Receptor
Cr - Concentration at Receptor [mgll]
Cgw' - Target Concentration [mgll]

2.8OE+05
1.78E~

0.0000296

8) Input Conllmlnlllt Dati
S - Solubility Limij of Contaminant (mgll)
R - Retardation Factor

0.006
4424

9) Target Soure, ConSltratlon
Cs' • Maximum Source Concentration (mgllJ
Cs - Source Concentration [mgll)

>S
0.0005

SheII~Co. .""'2 12115197



MODEL PARAMETER INPUT

Plume Attenuation Model: FATE2

1) Input FlOW Model p1rameten..
n - Porosity [ftA3III"'3)
K • Hydraulic Conductivity [flIday)
i-Groundwater Gradient [fIIft)
lamda - attenuation rate [lIday]
Mx - muhiplier for Iong~udinal dispersivity [alpha-x = Mx"x]
My • muhiplier for transverse dispersivity [alpha-y = My'alpha­
Mz • mUhiplier for vertical dispersivity [alpha-z =MZ'alpha-x]

Jnpyt
0.25
17.2

0.0069
0.00549 Min

0.1
0.33
0.05

Min MJLlt
0.1 0.6

0.01 100
00001 0.01

0.00549 0.0055

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Soure, Dala-

Cs - Source Concentration [mgll)
y • source width perpendicular to groundwater flow [It)
Z - source depth below water table (It]
L - farthest distance to be evaluated from source [ItI

31 Input Monboriog Point pata·

Mon~oringPoint
Cm - concentration at mon~ing locations [mgll)
M - Distance to Mon~oring Locations [It]

41 Inpyt Receptor patI"

R - Distance to Nearest Receptor Location [It]
Cgw·· Target Concentration [mgll)

MODEL CAUBRATION

5) RunCalibration Mlcrpa

lamda - attenuation rate [lIdayl (.001 - .01)
Mx - muhiplier for Iong~inal dispersivity [alpha-x = Mx"x) (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at locaIion m
Xm' - modeled normalized concentration at location m
(1-Xm-JXm)A2

Sum of Squares (1-Xm'/Xm),,2

NOTES:

0.0005
122.3 This run simulates chrysene from the source at MeNS reasonatHe case scenario.

6
3000

181
2.96E-DS

0.0055 Min (from cell 88)
0.1000 (from cell 89)

#DIVIO! #DIVIO! #DIVIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

oOOE+OO

( INITIAL· Inllalize In_ J
( CAL· Calibrate Lamda J
( CAL2- CafibnlleMx J

( CAL3 - c.llbm. Lames. & Mx J

1.00E<tOO Nonnalized Concentration

I1.00E4t

1.00E-Q2

1.00E-03

".OOE-O<
"- .......U·OOE-<l5

• M1.tIIE-os ·....
1.DOE.<Q7

• R

1.0DE..QI

I.DOE-OII

• om Il&ne1r""~m'!\II",:i'flil """ 35llO

1.00E+l0 r-r-__.....J........."""n.£....""'''''''=4Ill'-_,
1.00E+09

1.00E+Ol!

1.00E'4o()7

U)OE+06

1.00E+04

1.00E-+03

1.00E+02

t.00E+Q1

1.00EoOOJ-__-_-_-~-_-_-...J

•

-­
• M·....
• R

MODEL OUTPUT
6) Bun Plume Attenuation Length Macro "PAL"
CsJCgw" - elIenulllion lido< .. 18f1101 c:onc:ent_
(CsICgw". AFpoI)I(CsICgw")

PAL· Plune Attenuation Length (It]
PAlIL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [It]

71 ReQurtorAUlnu.tion
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll)
Cgw' - Target Concentration [mgll)

8)InN ConlamlnMlI DI!I
S - Solubility Limtt of Contaminant (mgll)
R - Retardation Factor

9) rlrget Sourc' Concltratlon
Cs' - Maximum Source Concentration ImgllJ
Cs - Source Concentration (mgll)

1.69E+Ol
1.56E41

116
0.04
181

5.54E+Ol
9.03E-D6

0.0000296

0.006
4424

0.0016
0.0005

Time to Reach
Steady Stale

(yr)

PAL 2388
M1 <1
M2 <1
M3 <1
R 3400

12>'15197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Mod" Parameters"
n " Porosity (1l"3III'3)
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [Il/ft]
lamda - anenuation rate [lIday)
Mx - multiplier lor long~Udinal dispersivity [alpha-x =Mx*x)
My - mu~iplier for transverse dispersivity [alpha-y = My*alpha­
Mz - mu~iplier for vertical dispersivity [alpha-z = Mz*alpha-x]

1DlIIIt
0.25
17.2

0.0069
0.0004 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01
0.0004 0.0004

0.05 0.2
0.1 0.3333

0.0125 0.1

Zltnput Source DjIta"
Cs - Source Concentration [mgllJ
y - sourcewidth perpendicular to groundwater flow [ft]
Z - source depth below water table (ft)
L " farthest distance to be evaluated from SOUrce [ft]

NOTES,

0.006 >S
122.3 This run simulates chrysene from the source at MeNS wors1 case scenario.

6
3000

)) Input Monitoring point Data·

Mon~oringPoint
Cm - concentration at monitoring Iocalions [mgll]
M " Distance to Monitoring Locations [ft)

4) Input Receptor Data·
R - Distance to Neares! Receplor Location [ft]
Cgw* - Target Concentration [mgll)

181
2.96E-ll5

MODEL CAUBRATION

51 Run ClI!ibrat!gn Macrps
lamda - attenuation rate [lIday) (.001 - .01)
Mx - muftiplier for IongftUdinatdispersivity [alpha-x = Mx*x) (D.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm* - modeled normalized concentration at location m
(1-Xm-lXm).A2

Sum of Squares (1-Xm*/Xm)"2

0.0004 Min (frcrn cell 88)
0.1000 (frcrn cell B9)

#CIVIOl #CIVIO! #DIVIOI
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO

DIl• M

• p",­

e R

1.00E+04

1.lXJE+01

L...-________~

UIJE+OO Nonnalized Concentrwtion

t.OOE..Q1

~
1.ClOE-02

1.00E..Q3

"ooe..,.,.
~.ooe.." Modo!

• M1.00E.QI
• p",-

1.00E..Q7
• R

1.DOE..oI

1.-
a "'" ll~rd'IlIl 3ODO 300D

CINmAL-lrlll_olnpulS J
( CAL - calibnrte LlImda J
( CAL2 - C8libr8te Mx J
( CAl' - c.II_...- & Mx J

<1

<1

<1.....

Tll11e to Reach
Steady Slate

(yI')

18391PAl
M1

715 M2
0.24 M3
181 Receptor is wnn PI,-,R.:.....__...;;;::::o..-,

2.D3E~

-8.23E-ll5

PAL(~_~J

MODEL OUTPUT
61 Run Plume AUenuation length Macro "PAL"
Cs/C1lW" - _Ilion _ .. target _n
(Cs/C1lW" - AFpaI)/(CsICgw")

PAl- Plume Attenuation Length [II)
PAUL - Scaled Plume Attenuation Length
R - Distance to Nearesl Receptor Location [II)

n Receptor Altlmuatlon
AFr - Attenuation Factor at Receptor

Cr • Concentration at Rec:eptor [mgll)
Cgw* - Target Concentration [mglll

1.09E+01
5.52E-ll4 Exceeds Target

0.0000296

HIInput Conllmjnant DjIta
5 - Solubility Lim~ of Contaminant (mgll)
R - Retardation Factor

0.006
4424

9) TaDi'. Soyrce Concetration
Cs* - Maximum SouroeConcentration [mgll)
CS - Source Concerrtralion [mgll)

0.00032
0.006D Source Reduction Rqrd

....._eo. ...... 12/1791



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model parameters­
n - Porosity [ft"3IflA3]
K - Hydraulic Conductivity [ft/day)
i-Groundwater Gradient [Ml]
lamda - attenuation rate [lIdayJ
Mx - mu~iplier for Iong~udinal dispersivity [alpha-x =Mx*xl
My - multipUer for transverse dispersivity [alpha-y =My"alpha­
Mz - mu~iplier for vertical dispersivity [alpha-z = Mz"alpha-xj

!mlW
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

MIn Max
0.1 0.6

0.01 100
0.0001 0.01

0 0.000
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input SouR' Dat'"
Cs - Source Concentration (mg/l]
y - source width perpendicular to groundwater flow [Ill
Z - source depth below water table [II]
L - farthest distance to be evaluated from source [Ill

NOTES:

0.0005
122.3 This run simulates chrysene fn:lm the source at MeNS reasonabte case scenario.

6
3000

3) Input Monitoring point Data­

Mon~oringPoint
Cm • concentration at mon~oring locations [mgJI]
M • Distance to Mon~oring Locations [II]

4) Input Receptor pm.
R - Distance to Nearest Receptor Location [II]
Cgw" - Targel Concentration [mg/l]

181
2.96E-05

MODEL CALIBRATION

5) Run Calibration Niemi

lamda • attenuation rate [1/day] (.001 - .01)
Mx • mu~iproer for Iong~inal dispersivity [alpha-x =Mx*x] (0.
AFm - attenuation factor at location m
Xm - Nonnalized concentration at location m
Xm" • modeled normalized concentration at location m
(l-XmolXm)"'z

Sum of Squares (1-Xm"lXm)"2

0.0000 Min (from cell B8)
0.1000 (from cell B9)
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cl·-[ CAL2 - Ca&bra1e Mx J 1.00E-08

1.lXlE~

( J
UlOE-OS

CAL3. calibrate~.!Ix 1._
a ODD llllllonc~rci'ilil 3CDO 30DD

- .......
• N
• PAL

• R

Atten,·atinn F-rtnr=CslC(x)

1.00E+01

1.OOE+OO!--_- ~

a

- .......
• M
• PAL

• R

<'
<1

4621

Time to Reach
Steady Slate

(yr)

6811PAL
M1

259 M2
0.09 M3

181 Receptor Is wnn PI,l:R.:......_......:~....J

1.69E+01
2.92E.Q4

PAL'---------_J[

MODEL OUTPUT
61Run Plume AttInudon Length Macro "PAL"
CsICgw- - attenuationf8clorat tlrvet concentmion
(CsICgw" - AFpol)l(~

PAL - Plume Allenualion Length [II]
PAUL - Scaled Plune Attenuation Length

R - Distance toNearest Receptor Location [ft]

71 Receptor AltlnualiOll
AFr - Attenuation Factor at Receptor
Cr • Concentrallon at Receptor [mgll]
Cgw" • Target Concentration [mg/l]

9.36E+OO
5.34E.Q5 Exceeds Target

0.0000296

Bl Input Contaminant Qata
S - Solubility Lim~ of Contaminant (mgJl)
R - Retardation Factor

0.006
4424

9) Tam. Saureo CMCltratlon
Cs" - Maximum Source Concentration [mgJI]
Cs - Source Concentration [mg/l]

0.0003
0.0005 Source Reduction Rqrd

1:1l15/97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Row Mod.1 parameters"
n • Porosity [ft"3Ifl A 3]
K • Hydraulic Conductivity 1ft/day)
i • Groundwater Gradient [MIl
lamda • anenuation rate [l/day]
Mx - mu_iplier for longitudinal dispersivily [alpha-x = MX"x1
My • mu_iplier for transverse dispersivity [alpha-y = My'alpha­
Mz • mU~iplier for vertical dispersivity [alpha-z = MZ'alpha.x]

InJwl
0.25
17.2

0.0069
0.516 Min

0.1
0.33
0.05

Min Max
O.f 0.6

0.01 100
0.0001 0.01

0.516 0.516
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Inpyt Source Dat,·

Cs • Source Concentration [mg/1]
Y • source width perpendicular to groundwater flow [ft)
Z • source depth below water table [ft)
L • farthest distance to be evaluated from source [ft]

3) Input Monitoring Point patao

Monitoring Point
Cm • concenlration at monnoring locations [mg/1]
M • Distance to Monnering Locations [ft]

4' Input Receptor Data°

R • Distance to Nearest Receptor Location 1ft]
Cgw' • Target Concentration [mg/l)

MODEL CAUBRATION

NOTES;

32.9 >S
122.3 This runmutates naphthalane from the source at MeNS best case scenario

6
3000

181
9.90E+00

5lXl !llm"clr'llbm'lllll"ri"lll, ""'" ...,.

5) Ryn Calibration Macros

Iamda - allenuation rate [l/day) (.001 - .01)
Mx - mu_iplier for long_inal dispersivity [aipha-x =Mx"x] (0.
AFm - allenuation fac:tor at location m
Xm- Normalized concentration at location m
Xm' - modeled nonnalized concentration at location m
(1·Xm'/Xm)-'2

Sumof Squares (1-Xm'/Xm)"2

[ J
UXIE+OJ

INITIAL ~ Initialize Inputs
1.00E-01

1.00E.Q2

( CAL - eatibntte Larnda J
1.00E-Q3

".COE.(l4

""
( J

~COE-ClO

CAl.2- calibrlte Mx lCOE-ClO

1.00E~

1,ooe-ol

( CAU -~ t.amdo & Mx J 1.DOE-09

•

0.5160 Min (from cell 88)
0.1000 (from cell 89)

#DIVIOI #DIVIO! #OIVIO!
O.ooE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

GJ~ I
• p......

,.COE...~~Tl1,0QE+75
UIOE+7D
1.0QE+85
1.OJE+eo
1.""""",,

1.00E+50

1.00E+45 I
i:::: ~EJ

UIOE+30 ~••PAl. I
1.00E+25
1.00E+2D
1.00E+15
1.0DE+10
1.0DE+051......., .....-_- -J

o

PAL - PhJme Allenualion Length (ft)

PAUL· Scaled Plume AttenuatiOl1 Length

R- Distance toNearest Receptor Location [ft]

MODEL OUTPUT
6) BuD PlulDt 'bnuilion L.ngth Macro -PAL­
~ • atlenuMion 1adot" tarvetconcentrBUon
(CsICgw" • AFpoI)I(CSICgw")

( PAL

3.32E+OO
-'.B3E-OS

1

0.00

181

TlITleto Reach
Steady State

(yI)

PAL <1
M1 <1
M2 <1

M3 <1

R

71 RKtptpr Atttnultlon
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor (mg/1)
Cgw' - Target Concentration [mg/l]

8) Input Ccm!Imlnlnt Data
S - Solubility Limit of Contaminant (mg/1)
R - Retardation Factor

91 Target Soyre. Cone.tration

CS'· M""imum Source Concentra1ion [mg/l]
Cs • Source Concentration [mg/l]

....._00

1.53E+18
2.15E-17

9.9

32.9
10

>S
32.90

......



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Bow Model parameters"
n • Porosity (fl"3IIl'31
K - Hydraulic Conduclivily 1ft/day]
i-Groundwater Gradient [ftIft)
lamda - attenuation rate (l/day)
Mx - muhiplier for longitudinal dispersivity [aJpha-x =Mx"x)
My - muhiplier for transverse dispersivity lalpha-y = My·alpha­
Mz - muhiplier tor vertical dispersivily [alpha-z = Mz·alpha-xj

1mIId
0.25
17.2

0.0069
0.0516 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01
0.0516 0.0516

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Source Data·

Cs - Source Concentration [mgll)
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
L • farthest dislance to be evaluated from source [ft)

NOTES:

32.9 >S
122..3 This run simulates naphthalane htIm the source at MeNS reascnatse scenario

6
3000

3) Input Monitoring point p.ta­
Monhoring Point
Cm • concentration at monhoring locations (mgll)
M - Distance to Monrtoring Locations [ft]

41 Input Receptor Data"
R - Distance to Nearest Receptor Location [ftl
egw•• Target Concentration [mgll]

181
9.90E+00

MODEL CAUBRATlON

$) Run Calibration Mlerps

lamda - attenuation rele (l/day] (.001 - .01)
Mx - multiplier for Iongrtudinal dispersivity [alpha-x =Mx"x] (0.
AFm • attenuation facler allocation m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-Xm"1Xm)'2

Sum of Squares (1-Xm'IXmj"2

t=U::J
.

1 • M ,

I • PAL

~~

Attenuation Factor=Ct/Cb;)

I
::::.,-_--"'Il'IIllI;Ull!Il..tOS><>=Ji&lAL--,

1.00E+22

1.00£+20

I
~:::~:
~.OOE.'"

1

, ·00E+12

1.00£+10

1.00E+OIt

1.00E+08

t.OJE.04

1.00E+02UXIE+<JO ...... - -'

o

m• M

• PAL

~

0.0516 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIOI
O.ooE-+OO II###IIItII O.OOE-+OO
O.ooE-+OO II###IIItII O.OOE-+OO
O.ooE-+OO II###IIItII O.OOE-+OO
O.ooE-+OO

Normallud Concentration

\

~'lnl_.lnpW J
HICIE.fOD

1.CIOE.Q1

1.00E.Q2

( CAL - Calibnlte Lamda
') HX!E43

) "llOE<>4

'"
( J

~llOE'"

CAL2 • Calibrlte Mx t.DDE-oI

1.lJJE47

( J
1.DDE-OS

CAL3 • ClUbnde Lam_ & Mx 1.0DE~

0

Time to Reach
Steady Stale

(yJ)

PAl <1

Ml <1

M2 <1

M3 <1
R

12
0.00
181

3.32E-+OO
-3.11E.()4

PAl.[ J
PAl- Plume Attenuelion Length (ftl
PAUL- Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [ft]

MODEL OUTPUT
6) Run Plume Attlnuation Length Ilem "PAL"
CsJCgw" - ottonuation _ .. talget~

(CsiCllw" • AFpol)/(CoICgw")

DBlclptpr AltenyaUon
AFr - AlIlnJation Factor at Receptor
Cr • Concentration at Receptor (mgl1)
Cgw· - Target Concentration [mgll)

1.85E+05
, .78E.Q4

9.9

8) Input Cgntamin.nl Olta

S - Solubility Limrt r:A Contaminant (mgll)
R • Retardation Factor

32.9
10

91 Tam. Source Cgnc;etntlon

Cs' - Maximum Source Concentration [mgll)
Cs - Source Concentration [mgll)

>S
32.90

SheII~Co. 12117ff17



MODEL PARAMETER INPUT

Plume Attenuation Model: FATE2

11 Input FlOWModel Parameters:

n - Porosity IftA3IflA3]
K - Hydraulic Conductivity 1ft/day]
i-Groundwater Gradient IflIfI]
lamda ... attenuation rate [1/day}
Mx - mu~iplier for longitudinal dispersivity [alpha-x =Mx'x]
My - mu~iplier for transverse dispersivity [alpha-y =My·alpha­
Mz - mu~iplier for vertical dispersivity [alpha-z = Mz·alpha-x]

lDllIIt
0.25
17.2

0.0069
0.035 Min

0.1
0.33
0.05

Min Max
0_1 0_6

0_01 100
0_0001 0_01
0_035 0_035

0_05 0.2
0_1 0.3333

0_0125 0.1

21 Input Soua;, Data·
Cs - Source Concentration [mg/l)
y - source width perpendicular to groundwater flow [It]
Z - source depth belowwater table [ft]
L - farthest distance to be evaluated from source [It]

31 Input Monitoring point Dlta­

Monitoring Point
Cm - concentration at monrtoring locations [mgl1J
M - Distance to Monrtoring Locations [ft]

41 Input Receptgf Dat."
R - Distance to Nearest Receptor Location [ft]
Cgw· - Target Concentration [mgl1)

MODEL CAUBRATION

5) Run Calibration Macros

lamda - attenuation rate [1/day] (_001 - _01)
Mx - multiplier for Iongrtudinal dispersivity [alpha-x =Mx"X] (0_

AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm'"- modeled normalized concentration at Iocatton m
(1-Xm'"'lXm)"2

Sum of Squares (I-Xm·IXm)A2

NOTES:

32.9 >S
122.3 This run simulates naphthalane from the source at MeNs worstcase scenario

6
3000

181
9.90E+OO

0_0350 Min (from cell B8)
0_1000 (from cell B9)
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MODEL OUTPUT
6) Run Plym. AD.nu.tio" Length Macro "pAL·
CsICgw. ~ 8d:enuation factor at target conc::entration

(CsICgw" - AFpel)/(C$lCgW1

PAL- Plume Altenuation Length[nJ
PAUL· scaled Plume Attenuation Length
R • Distance to Nearest Receptor Location [nl

7) RlC§!lor AltInuatipn
AFr - Attenuation Factorat Receptor
Cr - Concentration at Receptor [mgll)
Cgw· - Target Concentration [mgl1]

8) Input Cgnt.l'J'inant pata
S - Solubility Lim~ 01Contaminant (mg/l)
R - Retardation Factor

9) Tlrgel Soyrce Concetratfoo
Cs· - Maximum Source Concentration (mg/lJ
Cs - Source Concentration (mg/lj

3_32E+OO
-2_27E-05

17

0.01
181

1_BSE+04
1.78E-03

9_9

32.9
10

>S
32_90

Tone to Reach
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R
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Mod" P'mlDlt.,,·
n • Porosity 1ft"3Ift"3j
K - Hydraulic ConductiVity [n/daYJ
i-Groundwater Gradient [MIl
lamda - attenuation rate (1ldayJ
Mx • multiplier for longitudinal dispersivity [alpha-x =Mx"Xj
My • multiplier for transverse d~sivity lalpha-y = My·alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz·alpha-x)

1nRIl%
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

MIn M.u
0.1 0.6

0.01 100
0.0001 0.01

0 0
005 02
0.1 0.3333

0.0125 01

2) Input Spyre. pltl·
Cs - Source Concentration [mgl1]
y - source width perpendicularto groundwater flow [ft]
Z • source depth below water tabla IftJ
L - farthest dist8ncB to be ..aluated from SOUrcB [ftl

NOTES:

32.9 >S
122.3 This "in simuiata n.pftthaillne from the source a1 MeNS ,..as.onabM seenlno

6

3000

311npy! Monitoring J>oIn! 0 ....•
MonitOfing Point
Cm - concentrationat monitoring locations [mgllj
M - Distance to MonitOfing Locations [ft)

4) Input AlGap,gr Qata.

R - Distance to Ne8rllst Receptor Location [11)
Cgwo - Target Concentration [mgll)

181
I.IOE+OO

MODELCAUBRATlON

CAL - Caltnte L.an"dII

INITIAL· InILIIin Inputs

--I
• M I,
• PAl. I:

Ii
~!

AttMIudon FKto IIClx)

lllllE.... L- ~ .....J

o

1.ODEot01

I ,llllE.... r-r-__~illllllIIIIllllllL.Ul3llJ[5.IllilIlll..._ _,

I'llllE~
i
l:;'/llllEo02

I--I~I
• M I

• PAl !
• • I

I

OOסס.0 _ (from cell 88)
0.1000 (from cell 89)

tIDIVID! tIDlVlO! tIDlVlO!
D.OOE+OO _ DOOE+OO
DooE+OO _ O.OOE+OO
O.ooE+OO _ D.ooE+OO

D.ooE+OO

1.DDE~

UlllE"'~ -"

o

CAL2-CII.... Mx

I
i CAU - calI_ I.lImda ....
', ~J

I) Run ClllbAIIgn MIGI'M

I8mde - attenuolIion rate [11<My] (.001 - .01)
Mx - muRipliar for longitudinal dispersivity [elph8-x =Mx"XJ(0.
AFm - _uation f8c!or • Ioc8tionm
xm - Normalized ooncentration at location m
xm" - modeled normalized concentrationat Ioc8lion m
(l-Xm"lXmrZ

Sum of Squares (1-xm"IXm)"2

nne to React1
Sl88dy Stata

1m
PAL •
M1 <1
M2 <1
M3 <1
R 10

77
0.03
181

3.32E+OO
4.64E-DS

PAL 'I
'------------)

(

PAL - Pluma AIIenuationLangth [lIJ
PALIl. • Scaled PlumeAIIenuation Langth
R - DislancB to Nurast Rec:eplor Location(lIJ

MODEL OUTPUT
.\ Bun Ply.... Aaanuatlpn Lind Mecm ·pAL..C$/CQw" -1IIt """"""""'

(C$/CQw" - IIFpoI)/(CaICgw")

7) Raclptpr MlMulllon
AFr - Attenuation Factor at Rec:eplor
Cr - Concentration 81Receptor [mgl1J
Cgw" - T.-get Concentralion [mgl1J

9.36E+OO
3.51E+OO

9.9

I)IORUt Contlmlnant [)etI
S - Solubility LimA of eont-ninanl (mgll)
R - RetardationFllClor

32..
10

IlJamt! $quA Cgng!g!Ipn
Cs· - Maximum Sourca Concentration [mgl1J
Cs - Sourca Concentration (mgllj

>S
32.90
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AppendixA7

Dewatering Analysis



Table 3-1 Dewatering Analysis Results

Area to be Depressed Water Table Elevation - ft MSL Pumping Rates - GPM
Dewatered at West end of area at East end of area Without a Flow Barrier With a Flow Barrier

NSPA 6 9 40 26
FSPA 5 5 10 NA
NSFS 2 11 34 NA
QPNS -1 9 82 24
SHFS 11 18 25 NA

MeNS 0 11 67 32

Notes:
NSPA - Near Shore Process Area
FSPA - Far Shore Process Area
NSFS - North Sump Far Shore
QPNS - Quendall Pond Near Shore Area
SHFS - Still House Far Shore Area
MCNS - May Creek Near Shore Area

The depressed water table elevations were assigned to the excavation areas as con:
Budget feature of Modflow was then used to evaluate an approximate pumping ra
water table elevation.

If a temporary flow barrier was being considered during dewatering, then the dew.
for the scenario that included and excluded a relatively impervious barrier to a dep
The flow barriers were modelled along the lake side of the excavation areas and in!
the excavation areas the to the East approximately 80 feet.

Flow
Barriers

\'
Tab3=1 1'10'97



Port Quendall Company
Pumping Rate Sensitivity Analysis for Conductivity

Pumping Rates in ftJ\3/day Silt Conductivity
Well Location FSPA NSFS SHFS KxJKy Kz
Ksilt deer 50% 1348 2282 1896 1.5 0.03
Ksilt deer 10% 2214 3919 3316 2.7 0.054

as is 2312 4090 3478 3 0.06
Ksilt incr 10% 2492 4435 3783 3.3 0.66
Ksilt iner 50% 3173 5767 4971 4.5 0.09

Pumping Rates as compared to base case
Well Location
Ksilt deer 50%
Ksilt deer 10%

as is
Ksilt iner 10%
Ksilt incr 50%

FSPA -1
-42%
-4%
0%
8%

37%

NSFS - 1 SHFS - 2
-44% -45%
-4% -5%
0% 0%
8% 9%

41% 43%

Pumping Rate Sensitivity Analysis for Conductivity

The pumping rates are for
three different locations
used to represent three
various drawdowns in the
silt unit The analysis was
completed using the Zone
Budget Feature of Modflow.

._---_._---

____NSFS - 15 ft drwadown

50%30% 40%

......FSPA - 10ftdrawdown

- ... - SHFS - 20 ft drawdown

10% 20%

50% -

40% -

20% -

30% -r-

10% -

-10% -

-20% -

-30% -i­

!

-40% T

-20%-30%-40%

co
E
'a
C
o
u
'a

CD
Gi
'a
o
E
III
III
II
~
~
s -50%

t:.
."
C

Q.
E
::I
0..

1:
CD
l:!
CD

0..

-50% .l

Percent Conductivity (0% = As modeled condition)

Created by SBC Pumping 6/27/974:26 PM



AppendixA8

Feasibility Study Alternatives

Modeling



Fate and Transport Analysis
Benzeneand Chrysene

Source Areasto APOCand APOCto APOE

MTCA Method B
Surface Water MTCA Method B Surface

Degredation Rate - Degradetion Rate - Concentration @ Concentration Concentration Exceedence Water Exceedence
COC Source to POC POCtoPOE Source Source I (l!l POC (mgll) (l!l POE (mgIL) @POC? (l!lPOE? Feasibility Study ARemative

Benzene 0 0.535 QPNS Pre excevation 3.54E+OO 2.96E-19 Ves No ACOIBD1

Benzene 0/0.535 0.535 QPNS Pre excevation 1.78E.QB 1.49E-27 No No ACOIBDl

Benzene 0 0.535 QPNS Post excevatlon 3.22E.Q1 2.69E-20 Ves No AC2IBD1 & AC3/BD 1

Benzene 0 0 QPNS Pre excevatlon 1.53E+Ol 6.90E+OO Ves Ves No Action

Benzene 0 0.535 NSFS Preexcavation 1.04E.Q1 4.77E-25 Ves No AC2IBD1
Benzene 0 0.535 NSFS Postexcavation 3.47E.Q5 1.59E-28 No No AC3IBDl

Benzene 0 0.535 SHFS Pre excavation 4.05E.Q2 2.27E-26 No No AC2IBDl
Benzene 0 0.535 SHFS Post excavafion 2.72E.Q5 1.53E-29 No No AC3IBDl

Benzene 0 0.535 MCNS Preexcavation 7.07E+OO 2.06E-18 Ves No ACO/BD1
Benzene 0 0.535 MCNS Post excavation 6.43E.Q1 1.88E-19 Ves No AC2IBD1

Chrysene 0 0.0549 QPNS Preexcavatton 1.29E.Q3 7.04E.Q9 Ves No ACO/BDl

Chrysene 0/0.0549 0.0549 QPNS Preexcavation 2.47E.Q5 1.35E-10 No No ACO/BD2

Chrysene 0 0.0549 QPNS Post excavation 1.07E.Q4 5.84E-10 Ves No AC2IBDl & AC3IBDl

Chrysene 0 0 QPNS Preexcavation 5.57E.Q3 2.51E.Q3 Ves Ves No Action

Chrysene 0 00549 NSFS Preexcavation 4.16E-04 3.4BE-l1 Ves No AC2IBD1
Chrysene 0 0.0549 NSFS Post excavation 3.47E.Q5 2.90E-12 Ves No AC3IBD1

Chrysene 0 0.0549 SHFS Preexcavation 3.66E-04 2.16E-11 Ves No AC2IBDl
Chrysene 0 0.0549 SHFS Post excavetlon 2.72E.Q5 1.52E-12 No No AC3IBD1

Chrysene 0 0.0549 MCNS Pre excavation 2.57E.Q3 9. l5E-Q9 Ves No ACO/BD1
Chrysene 0 0.0549 MCNS Post excavation 2.14E-04 7.62E-10 Ves No AC2IBD1

Notes:

The pre and post excavation concentrations are selected to represent anticlpsted concentrallons that exist befora end after source removal. The concentrations provided have been eveiuated and justified in

comparison to the existing siteconcentrations.

Refer to table 5-X for the neershore and farshora pre and post excavation concentrations.

Fate2 was used to modei the contaminant transport from the source ereas to the POC and then from the POC to the POE. No degradation was assumed from the source areas to the POC. Biosparging was
represented with a degeredation rate equal to 1110of the aerobic degredation rate determined in theleb Treatability Study IRETEC 1997].. applied from the POC to the POE. No degredation was assumed
from the POC to the POE for the no ection scenario (no biosperging).

The MTCA Method B Surfece Water limit for benzene is 4.3 x10-2 rng/l.
The MTCA Method B Surface Water limit for chrysene is 2.96 .10-5 mg/l

The Feasibility Study Alternetives are cross referenced to the alternatives presented in the Feesibility Study {RETEC 1997) ie ACO/BD1.



Port Quendall Company
Source Characterization

Distance from Distance from
Width Source to pac roc to POE (Pt

Perpedicular to Thickness (Downgradient of Emergence into
Groundwater Below Water Edge of Outer Lake

Source Gradient Table FilVShoreline) Washington)

NSFS . Wall with
227 5 261 276

2.9 Acre CDF Fill

QPNS - Base case
scenario - no wall 264 18 50 150
and no fill

QPNS - Wall with
264 18 301 201

2.9 Acre CDF Fill

SHFS - Wall with
446 7 477 301

2.9 Acre CDF Fill

MCNS - Wall with
122 6 53 181

2.9 Acre CDF Fill

Notes:
The source dimensions are derived from the information presented in the Feasibility
Study.

The distances of the pathlines are calculated based on the dimensions taken from
Modpath particle tracking output. The Mopath output is presented in Appendix A3,
the pathline length calculations are presented in Appendix AS.

Created by SBC Fate2inp 12/17/979:54 AM



Run

Degredation
Rate - Degredation

Source to Rate - POC
COC POC to POE Source

Concentration @ Concentration Concentration
Critical Source @ POC @ POE

101 Benzene 0 QPNS Pre excavation 3.54E+00

102 Benzene l/10th Lab QPNS Pre excavation 3.54E+00 2.96E-19

103 Benzene 0 QPNS Post excavation 3.22E-OI

104 Benzene l/lOth Lab QPNS Post excavation 3.22E-Ol 2.69E-20

105 Benzene 0 NSFS Pre excavation I.l5E+00

106 Benzene llIOth Lab NSFS Pre excavation I.l5E+00 5.27E-24

107 Benzene 0 NSFS Post excavation 1.04E-Ol

108 Benzene l/lOth Lab NSFS Post excavation 1.04E-OI 4.77E-25

109 Benzene 0 SHFS Pre excavation 4.45E-Ol

110 Benzene l/lOth Lab SHFS Pre excavation 4.45E-OI 2.50E-25

III Benzene 0 SHFS Post excavation 8.17E-02

Il2 Benzene 1!10th Lab SHFS Post excavation 8.17E-02 4.58E-26

113 Benzene 0 MCNS Pre excavation 7.07E+00

114 Benzene 1!IOth Lab MCNS Pre excavation 7.07E+00 2.06E-18

Il5 Benzene 0 MCNS Post excavation 6.43E-Ol

116 Benzene l/IOth Lab MCNS Post excavation 6.43E-Ol 1.88E-19

117 Benzene 0 MCNS Post excavation 643E-Ol 6.86E-02

118 Benzene 0 QPNS Pre excavation 1.53E+Ol

119 Benzene 0 QPNS Pre excavation 1.53E+Ol 6.90E+00

201 Chrvsene 0 QPNS Pre excavation 1.29E-03

202 Chrvsene l/lOth Lab QPNS Pre excavation 1.29E-03 7.04E-09

203 Chrvsene 0 QPNS Post excavation 1.07E-04

204 Chrvsene l/lOth Lab QPNS Post excavation 1.07E-04 5.84E-1O

205 Chrysene 0 - NSFS Pre excavation 4.16E-04

206 Chrysene l/lOth Lab NSFS Pre excavation 4.16E-04 3.48E-II

207 Chrysene 0 NSFS Post excavation 347E-05

208 Chrvsene l/lOth Lab NSFS Post excavation 3.47E-05 2.90E-12

209 Chrvsene 0 SHFS Pre excavation 3.86£-04

210 Chrysene l/lOth Lab SHFS Pre excavation 3.86E-04 2.16£-1 I

211 Chrysene 0 SHFS Post excavation 2.72E-05

212 Chrysene l/lOth Lab SHFS Post excavation 2.72E-05 1.52E-12

213 Chrysene 0 MCNS Pre excavation 2.57E-03

214 Chrvsene l/IOth Lab MCNS Pre excavation 2.57E-03 9.15E-09

215 Chrvsene 0 MCNS Post excavation 2.14E-04

216 Chrvsene l/lOth Lab MCNS Post excavation 2.14E-04 7.62E-1O

217 Chrysene 0 MCNS Post excavation 2.14E-04 2.28E-05

218 Chrysene 0 QPNS Pre excavation 5.57E-03

219 Chrysene 0 QPNS Pre excavation 5.57E-03 2.5IE-03



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input BOW Model parameters'
n • Porosity [flA3Ift"3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient[ftIIl]
Iamda - attenuation rate [1Iday]

Mx - muKip/ier for Jong~udinal dispersivily [alpha-x =Mx'x]
My - muKip/ier for transverse dispersivity [alpha-y = My"alpha­
Mz - muKip/ier for vertical dispersivity (alpha-z = Mz"alpha-x]

InmI1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Mn
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Soyrel p.ta"
Cs - Source Concentration [mgll]
y • source width perpendicular to groundwater flow[ft)
Z • source depth below water table [ft]
L - farthest distance to be evaluated from source [ft]

NOTES:

16.5
264 This run simulates benzene from the source at qpns best case scenario.

18
3000

31Input Monitoring point Data·
Monkoring Point
Cm - concentration at monitoring locations ImgJI]
M • Distance to Monkoring Locations [ft]

4) Input Rteoptar Dati"

R - Distance to Nearest Receplor Location [ft]
Cgw" - Target Concentration (mgJI]

301
4.3OE-ll2

MODEL CAUBRATlON

- .......
• M
• p",-

• R

Attenuation Factor=CslChd

!,0JE+Q2

....

J 1.00E+03,.-----"=======~-~

[[J• M
• p",-

• R

0.0000 Min (from cen 88)
0.1000 (from ceU89)

#OIVIO! #OIVJOI #OIVJOI
O.OOE+OO ####11## O.OOE+OO
O.OOE+OO ####11## O.OOE+OO
O.OOE+OO ####11## O.OOE+OO
O.OOE+OO

1.00E-QB

1._...1--- ---1
o

CAL2-Co_Mx

CAU • calibrate Lamda .. Mx

( ] l.~~T

[ J

$) Run ClllbgtIon M.cms
Iamda - attenuation rate [l/day] (.001 - .01)
Mx - muKiplier for Iongkudinal dispersivity [alpha-x =Mx"X) (0.
AFm - attenuation factor at location m
Xm • Normalized concentration at location m
Xm" - modeled normalized concentration at location m
(1-xm"JXm)"2

Sum of Squares (1-Xm"/Xm)A2

PAL· Plume Attenuation Length [ft]
PALIl- Scaled Plume Attenuation Length
R • Distance to Nearest Receptor Location [ft)

MODEL OUTPUT
6\ Run plug Attenuation Length Macro ·pAL·
CsICgw. - Mtttnuation factor at target concentr-.tion

(csICgw" - AFpal)/(Cs/CaW"l

<1

<1

<1

Time to Reach
Steady Slate

(y~

39PAL
Ml

3354 M2
1.12 M3
301 Receptor is w/in PI,~R~__-,~_

3.84E+02
-1.87E-05

JPAL(

7)Receptor Attenultion
AFr - Attenuation Factor at Recaptor
Cr - Concentration at Receptor [mg/I]
Cgw" • T..-get Concentration (mgll]

4.66E+OO
3.54E+OO Exceeds Target

0.043

8) Input Cont'ojo.ot pall

S • Solubility Lim~ of Contaminant (mgJI)
R - Retardation Factor

1750
2

9l Target Source Cooc;otratign

Cs" - Maximum Source Conc:entration [mgJIJ
Cs - Source Concentration [mgll]

0.20
16.50 Source Reduction Rqrd

R.....'01 12l1CW7



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Bow Model Parameters"
n - Porosity [fto3lfl o3]

K - Hydraulic Conductivity [tlIday]
i-Groundwater Gradient [ftIft]
lamda - attenuation rate [l/day]
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx"x]
My - muttiplier for transverse dispersivijy [alpha-y = My'alpha­
Mz - multiplier for vertical dispersivity [alpha-z = MZ'alpha-x]

InPIIt
0.25
17.2

0.0069
0.535 Min

D.'
0.33
0.05

Min MB
0.1 0.6

0.01 1DO
0.0001 0.01

0.535 0.535
0.05 0.2
0.1 0.3333

0.0125 01

2) Inpyt Source Data'

Cs - Source Concentration (mg/lj
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [ft]

3.54
264 ThisNn simulates benzene from ttle source at qpns best case scenario.

18
3000

3) Input Mooitoring Point Pata"
Monitoring Point
Cm - concentration at monitoring locations [mg/lJ
M - Distance 10 Monitoring Locations [ft]

41Input Receptor Data:
R - Distance to Nearest Receptor Location [ft]
Cgw' - Target Concentration [mgll]

201
4.30E-42

MODEL CAUBRAnON

5) RunCtllbtatjQD Nacms

Iamda - attenuation rate [1/day](.OOl - .01)
Mx - multiplier for longitudinal diSperSivity [alpha-x =Mx"x] (0.
AFm - attenuation Iactor allocation m
Xm - Normalized concentration allocation m
Xm' - modeled nonnalized concentration at location m
(I_Xm"IXm)AZ

5um of Squares (1-Xm'/Xmr2

- .......
! • M I

• PAl 1

• R -.J

1.00E'"~__--'-!!!!O!!!!!!!!l!!=~=~=__~

'.OOE+eo
1 JXlE+75
U10E+7U
1.00E..e5
UXlE+60
1.DOE+5S
1.DOE+50

aLI.ODE+45
".00E+<40

1.00E+35
1.00E+30
1.00E+25
1.00E+20
UIOE+15
UXlE+10
1.DOE+051.00E1'OO '- - J

o

0.5350 Min (from cell B8)
0.1000 (from ceUB9)

#DNIO! #ONIO! #DNIOI
O.OOE+OO _ O.DOE+OO
O.DOE+OO _ O.OOE+OO
O.DOE+OO _ O.DOE+OD

O.OOE+OO

1.00E<f(IO
Normalized Concentration

1.00E4f

1.00E.Q2

1.00E-O:S

~.aoe-04 ......
::0. I~.ODE.QS ·M

;

• PAl
1.0DE~ ·R

1JX!E-C17

1.00e:-oe

1.mE.Q9

0 !!Ill dlmn&i'Pam'Wlm:'"lIll 3DllO 35DO

J

CAL2 - Calibrate Mx

INITIAL - Initialize Inputs(

(_~J

LCAL- CalibmeLemd'~

PAL - Plume Attenuation Length [ft)
PAlIL - Scaled Pluma Attenuation Length
R - Distance to Nearest Recaptor Location [II]

MODEL OUTPUT
6) Run Plume Attenyation Length Macm ·pAL·
CsICgw- - attenualion fador ... target concentration

(CsICgw" • AFpal)J(CsIC</W"J

[ PAl J
8.23E+01
-7.32E-QS

6
O.DO
201

Time to Reach
Steady State

(yr)

PAL <1

M1 <1
M2 <1
M3 <1

R <1

7) Rac;ootor Attenyation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor (mg/l]
egw' - Target Concentration [mg/l]

1.20E+19
2.96E-19

0.043

8' Input Contaminant [)ala

5 - Solubility Limit of Contaminant (mg/l)
R - Retardation Factor

1750
2

91 Target Spurs. Concctr;atign

Cs' - Maximum Source Concentration [mgll]
Cs - Source Concentration [mg/l]

>5
3.54

....._eo
R~l02 12110l'97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

l' Input FlOW Model parameters'
n - Porosity [ltA3IlI A3]
K - Hydrau~c Conductivity [ft/day]
i-Groundwater Gradient IftIft]
laroda - attenuation rate [lIday]
Mx - mu~iplier for longitudinal dispersivity [alpha-x =Mx'x]
My - mu~iplier for transverse dispersivity [alpha-y =My"alpha­
Mz - mu~iplier for vertical dispersivity [alpha-z = Mz'alpha-xl

IniIIIl
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MJIX
0_1 0.6

0.01 100
0.0001 0.01

0 0
0.05 02
0.1 0.3333

0.0125 0.1

2) Input Sourc, Pal."

Cs - Source Concentration [mg/lj
y - source width perpendicular to groUndwater flow [It]
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [ItI

NOTES:

1.5
264 lhes run simulates benzene fromthe Source at qpns best case scenario.

18
3000

3) Input Monitoring point Data"
Monitoring Point
Cm - concentration at mon~oring locations [mg/l)
M - Distance to Mon~oring locations [ft)

4) Input Receptor Data"

R - Distance to Nearest Receptor Location [It]
Cgw' - Target Concentration [mg/l]

301
4.3OE-02

MODEL CAUBRATION

5) Bun calibration Macros

lamda - attenuation rate (1/day] (.001 - .01)
Mx - multiplier for longitudinal dispersivily (alpha-x = Mx"xl (0.
AFm - attenuation faclor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized ooncentration at location m
('-Xm"IXm)"2
Sum of Squares (1-Xm'/Xm)"2

a.oooo IIln (from cell B8)
a.1000 (from cell B9)

tIOlVlO! tIOlVlO! tIOlVlO!
O.OOE+OO #H#### a.OOE+OO
O.ooE+OO #H#### a.OOE+OO
a.OOE+OO #H#### O.OOE+OO
o.oos-oo

[ J
I t.OOE-tOJ

Nonnalizecl Concentration Attenum:ion Fador=1.00E...a3INITIAL - In__ Inputs

I 1.00E..Q1

i
'.00H2

( CAL - calibrate Lall1da J
1.00e-m 1.00E+02

~.00E-04 ITJi -"-i"- ...

( J
~.COE.Q5 • • M

~ - c.lbr8te Mx 1.00E-Q6 • PAl
• R I 1.00E..c1

• R1.tlOE-G7

[ J
1.COE-oe

CAU • calib.... Lam. & Mx 1.00e""
0 SOD dlillond.'Wom~R:i1Il) 3000 3SOO

SOD dll4!lRcli'WomWlrrcFfRl 3000 3SOO

<,
<,
<,

TrnetoReach
Steady State

(yr)

11PAL
1.11

990 1.12
0.33 M3

301 Receptor is wlin Pll;R.:.... ::.-_

3.49E+Ol
3.50E~

PAL[~__J
PAl - Plume Attenuation Length [ft]
PAl..Il. - Scaled Plume Attenuation Length

R - Distance to NeafllSt Receptor Location [It)

MODel OUTPUT
I) Run Plume Attenuation Length Macro "PAL"
CsICgw"' ~ Ittenultion faclorIt target c:oneentration
(~- AFpa/)l(CsICgw,

7\ RKelllor Attenuation
AFr - Attenuation Faclor at Receptor
Cr - Concentration al Receptor Img/ll
Cgw' - Target ConcentraIion [mg/l]

4.66E+OO
3.22E-{l' Exceeds Target

0.043

8)ln!lUt Contaminant Data
S - Solubility Lim~ of Conlaminant (mg/I)
R - Retardation Faclor

1750
2

9) Tamet Soyrce COQcetratiOD

Cs' - Maximum Source Concentration [mg/l]
Cs - Source Concentration [mgll]

0.20
1.50 Source Reduction Rqrd

....._eo
12110197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input AOW Model parameters'
n - Porosity [IIA3Ift"3)
K - Hydraulic Conductivity [fIIday]
i-Groundwater Gradient [fIIfI]
lamda - attenuation rate [1/dayJ
Mx - multiplier for longitudinal dispersivity [alpha-x =Mx"X)
My - multiplier for transverse dispersivny [alpha-y = My"alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz"alpha-x]

InIlIIl
0.25
17.2

0.0069
0.535 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
00001 001
0.535 0.535

0.05 0.2
0.1 0.3333

0.0125 0.'

2\ Inpyt Soyrce Data"
Cs - Source Concentration [mgtl]
y - source width perpendicular to groundwater flow [II)
Z - source depth below water table [II)
L - farthest distance to be evaluated from source [II]

3.22E.Q1
264

18
3000

3\ InPUt Monitoring point pata·

Monnering Point
Cm - concentration at monnoring locations [mg/l]
M - Distance to Monlloring Locations [ft]

'1 Input Receptor Dala'
R - Distance to Nearest Receptor Location [ft)
Cgw" - Target Concentration [mgtl]

201
4.30E.Q2

MODEL CAUBRAnON

$) Run Calibration Macros

Iamda - attenuation rate [1/dayJ (.001 - .01)
Mx - multiplier for Iongnudinal dispersivity [alpha-x = Mx"X) (0.
AFm - attenuation factor at location m
Xm - Nonnalized concentration at location m
Xm" - modeled normalized concentration at location m
11-Xm"lXmjA2

Sum of Squares (1-Xm"/Xm)A2

0.5350 Min (from cell B8)
0.1000 (from cell 89)

#DIVIO! #DIVIO! #DIVIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO

[ ) 1.00E+OO
NonnaUzed Concentration

II IINITIAL -Initialize Inputs
1.00E-Q'l :::::1

1.00E+75

t.CDE42 1.00e+70
1.00e.es

C CAl.. Calibrate Lamda ~ 1,OOE-oJ 1.00E+6J
1.00E+55

~.ooe44 -- 1.00E+50
"'- aLI·00E+4S

( J
Bt·OOE45 • M ".0DE+40

• PAl
UXJE+35

CAL2 • CaNbrate Mx 1.00E.Ql5

• R
1.00e+30

1.00E..Q7
1.00E+25
1.(XlE+20

1.00E-QIS 1.100E·,5

( CAL3 -Colib_ Umd.ll=]
~~

1.00E+1Q

1.00E..oe 1.00E+OS

• 5DD dlmnc¥W...,'W'urd'lflt :lOOJ
1.00e..m

•

-Modo<

• M
• PAl

• R

Time to Reach
Steady State

(yTj

PAl <1

M1 <'
M2 <'
M3 <1
R <,

2
0.00
201

7.49E+OO
-2.04E-04

PAL[~--~

MODEL OUTPUT
61 Run plum. Attenuation Length Macm ·PAL..

CsJCgw- - sttenuation factor .t target concentration
(CsICgw" • AFpal)l(CsICgw")

PAl- Plume Attenuation length [Ill
PALIL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [ttl

1) Receptor Attenyation
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgllJ
Cgw" - Target Concentration [mg/l]

'.20E+19
2.69E-20

0.043

8) Input Contaminant Data
S - Solubility Limn of Contaminant (mgll)
R - Retardation Fador

1750
2

:~..

9) Targtt Source Concetotjon

Cs" - Maximum Source Concentration [mgllJ
Cs - Source Concentration [mgll]

>S
0.32

....,0< 121101'97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

11Input Flow Model parameters·
n - Porosity [ftA3/f1A3]
K - Hydraulic Conductivity [ftIday]
i-Groundwater Gradient(ft/fI]
lamda - attenuation rate [lIday)

Mx - muhiplier for longitudinal dispersivily [alpha-x =Mx"x]
My - muhiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - multiplier for vertical dispersivity [alpha-z =MZ'alpha-x]

Input
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Ingut Source Data·
Cs - Source Concentration [mgll)
y - source width perpendicular to groundwater flow(ft]
Z - source depth below water table [ftl
L - farthest distance to be evaluated from source [ftl

1.65E+Ol
227

5
3000

3) Input Monitoring point Data'

Mon"oring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Mon"oring Locations [ft]

41lnpul Receptor Data·
R - Distance to Nearest Receptor Location [ft]
Cgw' - Target Concentration [mgll]

261
4.30E.Q2

MODEL CAUBRA110N

5) Run Calibration Macrgs

Iamda - attenuation rate [l/day] (.001 - .01)
Mx - multipr",r for longitudinal dispersivity [alpha-x = Mx'X] (0.
AFm - allenuation factor at location m
Xm- Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-Xm"/Xm)"2

Sum of Squares (1-Xm'IXm)"2

0.0000 Min (from cell B8)
0.1000 (from cell B9)

IOMO! IOIV/O! IOIV/oI
O.OOE+OO 1####### O.OOE+OO
O.OOE+OO 1####### O.OOE+OO
O.OOE+OO 1####### O.OOE+OO
O.OOE+OO

--
• M
• PAl.·.

Attenuation Fador=CslC x

1.00E"'03

'DllE~ If
,.DllE...,t ~ _'

I~DllE""
I
I

i~_

1.DOE+OO
Normalized ConQntration

1.lXlE~1

~~1.00E-Q2

'.ooe-m
~.00E..Q04

! -'"&.ClDE-05 • M

1.DOE..Q8 i • P,",-·.
1.lXlE.Q7

1.00e-08

1.00E<l9

0 !DO dtmnd'l'lbm'WloJ1R1 ""'" ""'"

[ INITIAL - Initialize Inputs )
( CAL - C8libn1le larn::ta J~

[ CAL2- Calibrate Mx J
[CAL' -Calib_ L.amda& Mx J

et

<t
<,

TIme to Reach
Steady State

(yr)

19PAL
Ml

1633 M2
0.54 M3
261 Receptor Is wlin PlL.:,R'-__-='-_'

3.84E+02
-1.47E..<J5

MODEL OUTPUT
6) Run plume Attenuation Length Macro "PAL"

CsICgw- • lIttenuation'ador at target concentration
(e.tegw" _AFpalJl(CslCgw1

PAL - Plume AlIenuation Length [ft]
PAI..JL - Scaled Plume AlIenuation Length
R • Distance to Nearest Receptor location [ttl

D RIC.' Attenuation
AFr - AlIenuation Factor et Receptor
Cr - Concentration at Receptor (mgll]
Cgw. - Target Concentration [mgll]

1.44E-+{)1
1.15E+OO Exceeds Target

0.043

" Input Cgnlamjnant Data

S - Solub~ity Lim" of Contaminant (mgll)
R - Retardation Factor

1750
2

9) Target Source CMcttratioD

Cs" - Maximum Source Concentration [mgll]
Cs - Source Concentration [mgll]

0.62
16.50 Source Reduction Rqrd

R~1Q5 12110191



MODEL PARAMETER INPUT

Plume Attenuation Model: FATE2

1) Input Flow Mod., parameters'
n - Porosity [ftA3IfIA3]
K • Hydraulic Conductivity [ft/day]
i-Groundwater Gradient (ftIft]
lamda - attenuation rate [lIday]
Mx - mukiplier for longitudinal dispersivity (alpha-x = Mx"x]
My - mUkiplier for transverse dispersivity [alpha-y = My·alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz'alpha-x]

IDllIU
0.25
17.2

0.0069
0.535 Min

0.1
0.33
0.05

Min M.u
0.1 0.6

0.01 100
0.0001 0.01

0.535 0.535
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Source patao

Cs - Source Concentration [mgll]
y - source width perpendiaJlar to groundwater now 1ft]
z - source depth below water table [ft]
l - farthest distance to be evaluated from source [ft]

3' Input Monitoring point pata­

Monitoring Point
em - concentration et monitoring locations [mgll]
M - Distance to Monitoring locations [ft]

4) Input Receptor Qata"
R - Distance to Nearest Receptor location [ft]
Cgw' - Target Concentration [mgllJ

MODEL CAUBRATION

$, Bun CIIibrltlQO MlCrps
Iamda - altenuation rate [lJdayJ (.001 - .01l
Mx - multiplier for longitudinal dispersillily [alph8-x = Mx"x] (0.
AFm - attenuation factor at location m
Xm- Normalized concentration at location m
Xm' - modeled nonnalized concentration at location m
(1~XmN)(m)A2

Sum of Squares (1-Xm'IXm)"2

1.15E+OO
227

5
3000

276
4.30E-G2

0.5350 Min (from cell B8)
0.1000 (from cell B9)

tDIVIO! tlDlVlO! tlDlVlO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

[ '1 1.00E-tOO
NormaliDd Concentration

UXlE+e5
INiTIAl - init_e Inputs ) UIOE.Q1

1.00E~

1.00e+15
100E+70

I 1.00E.Q2
UOE-+&5

[ ) 1,·~<n
1.00E~

CAL - calibnlte Larnda

IT:]
1.00E-+55

I~::
1.00E+!IO

: ~.0JE+4S

[ J ::Al I
14.~...,

CAL2- Calibrlte Mx 1.1.,.41
I UJJE+3S

1.00E+:JJ

I UXlE-Q7 I
lJXJE+25

I I
1.00E+2IJ

[

'.~41 tl I
UXJE+15

[ J
1.00E.+l0

CAL3 - calibnlle Lamda.. Mx UJDE-ce 1.CXlE.+Q5

0 ... IiIRllI....Wom'WI"',i'lIll 3llllO
.... 1.00E..oo

0

-:-~I
. PAlJ'..

MODEL OUTPUT
6) Ryn Plume Attenuatioo ltogtb Macro ·PAL..

CsICgw'" • Itlenuation r.dor at target c:oncentratkJn
(CsICgw" - AFpol)/(Cs/Cgw")

PAL - Plume Attenuation Length (ft)

PAUL - Scaled Plume Attenuation Length

R• Distance to Nearest Receptor Location [II)

7) Recaptor Attony.tign

AFr• Attenuation Factor atReceptor
Cr • Concentration at Receptor [mgll)
Cgw'-T~IC~trat~n (m9"l

8) Input Cont.mln.n! Data

S - Solubility Urn~ of Contaminant (m9"l
R - Retardation Factor

9) Target Source Conc.lrJtjoo
Cs' - Maximum Source Concentration [mgll]
Cs - Source Concentration (mgll]

....._eo

2.67E+Ol
-1.66E-CS

4
0.00

276

2.18E+23
5.27E-24

0.043

1750
2

>5
1.15

....'06

Time to Reach
Steady Stale

(y1)

PAL <1
M1 <1
M2 <1

M3 <1

R <1

1211007



Plume Attenuation Model: FATE2

MODEL PA.RAMETER INPUT

1) Input ROW Model parameters'
n - Porosity [ftA3IflA3I

K - Hydraulic Conductivity [ft/day!
i-Groundwater Gradient [ltIftl
lamda - attenuation rate [lIdayl

Mx - muttiplier for longitudinal dispersivity [alpha-x =Mx"xl
My - muttiplier for transverse dispersivity [alpha-y = My"alpha­
Mz - muttiplier for vertical dispersivity [alpha-z = Mz"alpha-xl

inIlU1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Mu
0.1 0.6

0.01 100
0.0001 0.01

a a
005 0.2

0.1 0.3333
0.0125 0.1

2) Input Source Data'
Cs - Source Concentration [mg/ll
y - source width perpendicular to groundwater flow [ftl
Z - source depth below water table [ft]
L - farthest distance to be evaualed from source [ftl

1.50E+00
227

5
3000

3) Input Monitoring point Data"
Monitoring Point
Cm - concentration at monijoring locations [mg/l]
M - Distance to Monijoring Locations (ftl

41 Input 8«t&cptor Qata"

R - Distance to Nearest Receptor Location [ftl
Cgw" - Target Concentration [mg/ll

261
4.30E"()2

MODEL CAUBRAT10N

5) Run calibration M,cros

Iamda - attenuation rate [l/daYI (.001 - .01)
Mx - multiplier for Iongijudinal dispersivity [alpha-x = Mx"xl (0.
Afm - attenuation factor at location m
Xm - Normalized concentration allocation m
Xm" - modeled normalized concentration at location m
(1·Xm-/Xm)"'2

Sum of Squares (1-Xm"/Xm)"2

0.0000 Min (from cell Be)
0.1000 (from cell B9)

#OIVIO! #OIVIO! #OIVIO!
O.OOE+OO ####### O.OOE+OO
O.OOE+OO ####### O.OOE+OO
O.OOE+OO ####### O.OOE+OO
O.OOE+OO

[ J
1.00E+OO

INITIAL - Initialize Inputs
,ODE.()1

1.00e-D2

[ CAl- Calibrate Lamda J
1.00E.CJ3

/}.OOE-Dol

'"

[ CAL2·Ca!ibral.~
~.00E-a5

1.00E-lJ6

1.00E41

1.00E-Ql!I I
[ CAU - Calibrate Lamda & MJ[ J I

I
1.00E.QEl

0

Normalized Concentntlon

1'-1 Attenuation Fad.opCs/C(:I.)

1.00E.a3

I -I --
~J

~.OOE""
• M

• PAL

• R I • RUllE+01

I
I 1.00E+OO reco dlJll.ncWam'llal.rci'lth 3llOO 3500

0 "'" DimncWam~rtli\ 3llOO 3500

<1

<1

<1

Time to Reach
Steady State

(yr)

5PAL
Ml

461 M2
0.15 M3

261 Receptor is wfin p'L:..R;.....__......:..--J

3.49E+Ol
1.93E.{)4

PAL[~__J
PAL - Plume Attenuation Length (ft]
PAUL p Scaled Plume Attenuation Length

R - Distance to Nearest Receptor location 1ft]

MODEL OUTPUT
6) Run Plume AUeoyation Length Macro "PAL"

CsICgw* - attenuationfador lit targetconcentration
(csICgw" - AFpol)/(Cs/CgW*)

71 RCClptor Attenuation
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor lmg/lj
Cgw" - Target Concentration [mg/l]

1.44E+Ol
1.04E~1 Exceeds Target

0.043

en Input Contaminant [)at.

S - SolUbility Limij of Contaminant (mg/l)
R - Retardation Fador

1750
2

9) Tlrget Soyrce Coo<:otratioo
CS" - Maximum Source Concentration (mg/l]
Cs - Source Concentration [mg/l]

0.62
1.50 Source Reduction Rqrd

....._eo
Ru'!1Q7 11}10/97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input BOW Model pa@meters­

n - Porosity [IlA3IfIA3]

K - Hydraulic Conductivity Ift/dayj
i-Groundwater Gradient [flIfl]
lamda - attenuation rate [1/day)
Mx - muttiplier for longitudinal dispersivily [alpha-x = Mx*x]
My - multiplier for transverse dispersivtty [alpha-y = My"alpha­
Mz - muttiplier for vertical dispersivity [alpha-z =MZ'alpha-x]

Input
0.25
17.2

0.0069
0.535 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01

0.535 0.535
0.05 0.2

0.1 0.3333
0.0125 0.1

21lnpul Source !!ala·
Cs - Source Concentration [mg/l]
y - source width perpendicular to groundwater flow [It]
Z - source depth below water table [II]
l - farthest distance to be evaluated from source [It]

1.04E-Gl
227

5
3000

3) Input Monitoring point Data·
Monttoring Pain!
Cm - ooncentration at monitoring localions (mgllJ
M - Distance to Monttoring Locations [II]

4> Input Receptor Data'
R - Distance to Nearest Receptor Location [II]
Cgw' - Target Concentration [mg/l]

276
4.30E-G2

MODEL CAUBRAnON

5' Run Calibration M.crps
lamda - attenuation rate [lIday] (.001 - .01)
Mx - muttiplier for Iongttudinal dispersivity [alpha-x = Mx*x] (0.
AFm - attenuation factor at Iocalion m
Xm - Normalized concentration at location m
Xm" - modeled normalized concentration at location m
(1-Xm*JXm)"2

Sum of Squares (I-Xm"/Xm)A2

0.5350 Min (from celt 88)
0.1000 (from een 89)

#OIVIO! #OIVIO! #OIVIOI
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO

(

J
UXIE+OO

Normalized Concentration
lJJJE+e5

L INITIAL - Initiaize Inputs
1.00E~1

'.lXJE+flO
1.00£+15
1.DOE+TD1.00E-02
'.OOE+fi5

( J
1.DOE-03 1.00E+6Cl

CAL • Caibr8te Lamda UXIE+55
~.OOE..(H

[J
1.00E+!O... u.1.COE+45

~.DOE~ ·.. ....00E+«l(

JL UlOE-tJ6 • PAl. I 1.00E+35
CAL2 - Ca6brate Mx

• R
t.OOE+30

1.00E-G7
UJJE+25
'.OOE+2D

1.00E4I 1.00E+15

[ J
1.DOE+10

CAU • C.librata Lamdil & Mx 1.OJE-o& 1.lXlE+05

0 sec dlmncWam'!ilJl,n:ftR) 3000 3500
1.00E+OO

0

Attenuation Faetor-Csi x

Time to Reach
Steady State

(yTj

PAL <1

Ml <1

M2 <1
M3 <1

R <1

2
0.1)0

276

2.42E+OO
-9.92E-01

PALl J
PAL - Plume Attenuation Length [II)
PALIl, - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [ft}

MODEL OUTPUT
51 Run plume AUlOuation Length MacM "PAL"

CsJCgw4 _ attenuation hldor at talVet eoneentration

(CsICgw" - AFpol)J(CsICgw")

7) Receptor Attenuation

AFr - Attenuation Faclor at Receptor
Cr - Concentration at Receptor [mg/l]
Cgw" - Target Concentration [mg/l]

2.18E+23
4.77E-25

0.043

"'nput Contaminant Data

S - Solubility Limtt of Contaminant (mg/l)
R - Retardation Factor

1750
2

9l Target Soyrc. Concmtion

Cs' - Maximum Source Concentration [mg/l]
Cs - Source Concentration (mg/l]

>S

0.10

...._00
RlM\108



Plume Attenuation Model: FATE2

MODEL PARAMETERINPUT

1) Input BOW Model parameters'
n - Porosity [1t"3IfI"3]
K - Hydraulic Condudivity 1ft/day]
i-Groundwater Gradient IftIIt]
Iamda - attenuation rate [lIday]

Mx - muftiplier forIongftudinal dispersivity (alpha-x =Mx"x]
My - muttiplier fO( transverse dispersivity [alpha-y ~ My"alpha­
Mz - muttiplier for vertical dispersivity (alpha-z =Mz"alpha-x]

1nllIlI
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min M.u
0.1 0.6

001 100
0.0001 0.01

0 0
0.05 0.2
01 0.3333

0.0125 01

Zllnpul Source 0113'
Cs - Source Concentration [mg/l]
y - source width perpendicular to groundwater flow [It]
Z - source depth below water table [It]
L - farthest distance to be evaluated from source [ft]

1.65E+01
227

5
3000

3) Input Monitoring pointData"
Monftoring Point
Cm - concentration at monttoring locations [mg/lj
M - Distance to Monttoring Locations [ft]

41lnpul Roc.plpr DIta·
R - Distance to N_est Receptor Location 1ft]
Cgw" • Target Concentration (mg/l]

477
4.30E.o2

MODELCAUBRAnON

51 Run ClUbration Nlems

Iamda - attanuation rata [1/day) (.001 - .01)
Mx - multiplier for longitudinal dispersivity [alpha-x =Mx"X] (0.
AFm - attenuation factor at location m
Xm - Nonnalized concentration al location m
xm" - modeled normalized concentration at location m
(1.Xm"/Xm)"2
Sum of Squares (1-Xm"/Xm)"2

OOסס.0 Min (from cell 88)
0.1000 (from cell 89)

#DIVIO! IOIVIO! #DIVIO!
O.OOE-+OO~ O.OOE-+OO
O.OOE-+OO~ O.OOE-+OO
O.OOE-+OO~ O.OOE-+OO
O.OOE-+OO

1.00E..c1

- ......
• M
• PAl.

• R

Attenuation Factar>CslC It

1.000<00~-_- ---l

o

[J• M

• PAl.

• R

( INITIAL ~ Initialize Inputs ) l.IXlE-Ql

1.tDE-Q2

( CAL· Calibrate lamda J 1.00E.«J

01·00E-04
"-

[ J
&.ooe-os

CAl2 ~ caibrate Mx 1.00E.QS

1.DOE-Q7

1.CXlE.Q8

[CAL3-CoIi_ LamdI & Mx J UlOE-09

0

<1

<1

<1

e

Time to Reach
Steady State

(yr)

19PAL
M1

1~ M2
054 M3
477 Receptor Is wlin PI"R-'- -'--'

3.84E+02
-5.54E-06

PAL[~_~J
PAL - Plume Attenuation Length [ft)
PAUL - Scaled Plume Altenuation Length
R - Distance to Nearest Receptor Location [ft]

MODELOUTPUT
6) Run Plume Attenuation Length MICro "PAL"
~ • attenuation factorat target concentnrtion

(CSlCOw" • AFpol)/(CsICgw")

7)Receptor AUtnyatioD

AFr - Attenuation Factorat Receptor
Cr - Concentration at Receptor [mgll]
Cgw" - Target Concentration (mgll]

3.71E+01
4.45E~1 Exceeds Target

0.043

"Input Contamioant Dati
S - Solubility Limtt of Contaminant (mgll)
R - Retardation Fedor

1750
2

9) lama Source Cone'traUon

Cs- - Maximum Source Concentration [mg/l]
Cs - Source Concentration (mg/l]

1.59
16.50 Source Reduction Rqrd

....._00
Run109 '2!1C>91



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Bow Model Parameters'
n - Porosity [ft"3IIt"3]
K - Hydraulic Conductivity [ftJday]
i-Groundwater Gradient [ftIft)

lamda - attenuation rate (lIdayJ
Mx - multiplier for longitudinal dispersivity [alpne-x e Mx'x)
My - multiplier for transverse dispersivity [alpha-y ; My"alpha­
Mz - muniplier for vertical dispersivny [alpha-z ; Mz"alpha-x)

Imwl
0.25
17.2

0.0069
0.535 Min

0.1
0.33
0.05

Min Mu
0.1 0.6

0.01 100
0.0001 0.01

0.535 0.535
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Source Data·
Cs - Source Concentration [mgJI]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ftJ
L - farthest distance to be evaluated from source [ft)

4.45E~l

446
7

3000

3\ Input Monitoring pointData"

Monitoring Point
Cm - concentration at monitoring locations [mg/I]
M - Distance 10 Monnering Locations [ft)

4) Input Receptor Data·

R - Distance to Nearest Receptor Location [ft]

Cgw" - Target Concentration [mg/I)
301

4.30E~2

MODEL CALIBRATION

5) Run Calibration MletOS
&amda - attenuation rate [l/day) (.001 - .01)
Mx - muniplier for Iongnudinal dispersivity [alpha-x; Mx'xj (0.
AFm - attenuation factor at location m
Xm - Normalized concentration allocation m
Xm- - modelednormalizedconcentratton at location m
(1-Xm-lXm)A2

Sum of Squares (1-Xm"IXm)"2

0.5350 Min (from cell 88)
0.1000 (from cell 89)

#OIVIO! #OIVIO! #OIVIO!
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
OooE+OO

--
• M
• PAL

• R

Attenuation FactoraCslC xNorTMtized Concenlrationt.cee-cc

1.00E..()1

1.00E42

1.00E-03

I ~.ooe-(l4 ~I"'-
~.OOE.QS • M

• PAL
I

1.lXlE..Q6

• R
1.0DE~

1.a:lE.4!I

1.00E-Q9

0 !500 dlmncWom'Wl.rci·I'h 3000 3SOO

[ INITIAl ~ fniliatizeInputs. J
( CAL - C8tbrate Lamda J
( CAL2• calibrate Mx J

[ CAL3 - Calibnte Lamda & Mx J

Time to Reach
Sleady State

(y<)

PAL <1

Ml <1

M2 <1

M3 <1
R <1

3
0.00
301

1.03E+Ol
-3.28E-Q5

PALr J
,~--~

PAL - Plume Attenuation Length [ftJ

PAl/L - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [ftJ

MOOEL OUTPUT
6) Run plume Abengdon length Macro "PAL"

CsfCgw"' ~ attenuation factorIt targetconcentration

(CsICgw" - AFpaOI(CslCgw")

71 Receptor Attenyation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgJI)
Cgw" - Target Concentration [mgJl)

1.78E+24
2.5OE-25

0.043

8\ Input Contaminant Pata

S - Solubility Limn of Contaminanl (mgJI)
R - Retardation Factor

1750
2

9l Target Source ConCtltration

Cs" - Maximum Source Concentration [mgJI]
Cs - Source Concentration [mgJIJ

>S
0.45

....._eo
Run11Q 12J1~



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model parameters'
n - Porosity (fl"3Jft"3]
K - Hydraulic Conductivity 1ft/day]
i-Groundwater Gradient [ftIlI]
Iamda - allenuation rate (l/day]
Mx - mu~iplier for longitudinal dispersivily [alpha-x =Mx·x]
My - muKiplier for Iransverse dispersivity [alpha-y = My·alpha­
Mz - muKiplier for venicel dispersivity [alpha-z = Mz·alpha-x]

Input
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MiI.l
0.1 0.6

0.01 100
0.0001 0.01

a 0
0.05 0.2
0.1 0.3333

0.0125 0.1

2) Inpyt Source pata·
Cs - Source Concentration [mg/l]
Y - source width perpendicular to groundwater flow[ft]
Z - source depth belowwater table [ft)
L - farthest distance to be evaluated fromsource [ft]

1.5OE+OO
446

7
3000

31Input Monitoring Point twa·
MonKoring Point
Cm - concentration at monKering locations [mg/lJ
M - Distance to MonKering Locations [ft)

41 Input Receptor [)ala'
R - Distance to Nearest Receptor Location [ft]
Cgw·· Target Concentration [mgIIJ 4.30E-42

MODEL CAUBRAnON

51 Bun CIIfbntloo MjMims

Iamda - allenuation rate 11/day)(.001 •.01)
Mx - muKiplier for longitudinal dispersivity [aipha-x = MX"x1 (0.
AFm - allenuation factor at location m
Xm - Normalized concentration at location m
Xm· - modeled normalized concentration at location m
(l-Xm*/Xm}""2

Sum of Squares (1-Xm"/Xm)"2

OOסס.0 Min (from cell BB)
0.1000 (from cell B9)

/IOIV/O! #DIVIO! #DIVIOI
O.ooE+OO~ O.ooE+OO
O.ooE+OO~ O.ooE+OO
O.ooE+OO~ O.ooE+OO
O.ooE+OO

( INITIAL - InilialiZe InlMb )
( CAL - CalibrateL.amda J
( CAL2- Calibrate Mx J
~AU -can_ umd<o a.Mx J

--
1.DOE+OO

NOrmllized Concentration

1.COE-011"------1.DOE.Q2

t.OOE-03

gaoe..,. .....
.g..DOE.Q5 · ..

1.aoE41 • PAL·"t.OOE47

1.aoe-oo

1.aoE-OS

0 500 dlmn&Wom'fi\o~) eeoc 3500

Attlenuation FactoraCstC x

1.00E..a2

..
<

'.ODE"'" L-- ---l

o

-­· ..
• PAL·"

<1

<1

<1

•

Time 10Reach
Steady State

U'rl
9PAL

1.11
740 1.12

0.25 M3
477 Receptor Is wlin P1c:.R.:.....__---:'--.J

3.49E+Ol
~.3BE-{)5

MODEL OUTPUT
6) Bun plume Ab,nultion Length Macro "PAL"
CsICgw* • attenulltion factor at target concentration

(CsICgw* - AFpal)/(Cs/Cgw1

PAl. - Plume Attenuation length [ftl
PAUl. - Scaled Plume Attenuation Length
R - Oi$tanoe to Nearest Receptor Location [ft)

7) Receptor AUenuatign

AFr· AIlenuation Factor atReceptor
Cr - Concsntralion at Receptor (mg/lj
Cgw" - Target Concentration [mgll]

1.84E+01
8.17E.Q2 Exceeds Target

0.043

'I Input Contamjnant Data
S - Solubility LimK of Contaminant (mg/l)
R - Retardation Factor

1750
2

91 Talllet Source Coocetration

CS"- Maximum Source Concentration [mg/l]
Cs - Source Concentration (mg/l]

0.79
1.50 Source Reduction Rqn:l

Rl.nl11 12(1007



Plume Attenuation Model: FATE2

MODELPARAMETER INPUT

1) Input Flow Mod., pa@Q1Iters"
n - Porosity [ft°3JftA3]
K - Hydraulic Conductivity 1ft/day]
i-Groundwater Gradient [MI]
lamda - attenuation rate [1/day]
Mx - rnultipuer for longitudinal dispersivity [alpha-x =Mx"x]
My - mu~iplier for transverse dispersivity [alpha-y =My"alpha­
Mz - mu~iplier for vertical dispersivity (alpha-z = Mz"alpha-x]

21'opu! Source Data·
Cs - Source Concentration Img/l]
y - source width perpendiOJlar to groundwater flow [ft]
Z - source depth below water table (fl]
L - farthest distance to be evaluated from source [ft]

3) Input Monitoring point Data·

Mon~oringPoint
Cm - concentration at mon~oring locations [mgll]
M - Distance to Mon~oring Locations 1ft]

41lnpu! ReclPW Qata.

R - Distance to Nearest Receptor Location (ft]
Cgw" - Target Concentration (mgll]

MODELCAUBRAll0N

1JulIIl
0.25
17.2

0.0069

0.535 Min
0.1

0.33
0.05

8.17E-<J2
446

7
3000

301
4.3OE-<J2

Min MAX
0.1 0.6

0.01 100
0.0001 0.01

0.535 0.535
0.05 0.2

0.1 0.3333
0.0125 0.1

5) Run Callbl'ltign MacMs

Iamda - attenuation rate [lIdayJ (.001 - .01)
Mx - mU~iplier for longitudinal dispersivity [alpha-x = MX"x1(0.
AFm - attenuation tactor at location m
Xm - Normalized concentration at location m
Xm· • modeled normalized concentration at location m
(1-xmolXm)"2

Sum of Squares (1-Xm'/Xm)"2

0.5350 Min (from cell 88)
0.1000 (from cell 89)

'DIV!O! #DIV!O! #DIVIO!
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO

[ INITIAL -Initialize Inputs J

C CAL • Cdbrate Lamda J
( CAL2 - CaIIM"Ite Mx )
[ CAL3 - calibnte Llm41 & Mx )

1.00E-.oo

1,lXlE.(I1

1.00E.a2

1.00E-03

! ~.00£..()4

~,lXlE-OS
1.lXlE.Q6

'.00E-07

1.00£-45

Normalized Concentration

I

I -·N
I ·PAl.

·R

Attenuation Fletor=CsI x

MODELOUTPUT
6\ Run plumeAttenuation Length Maceo ·pAl"

CsJegw- • Iftenultion tador It target concentration

(CsICgw* - AFpol)l(CsICgw")

[~-
PAL·Plume Attenuation Length [ft]
PAUl- Scaled Plume Attenuation Length
R • Distance to Nearest Receptor Location [ft]

7l Receptor Attenuation
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor (mg/l]
Cgw' - Target Concentration (mg/l]

8) Inpyt Contaminant Qata

S - Solubil~ Lim~ of Contaminant (mgll)
R - Retardation Factor

9} Timet Source ConeelrJtjoD

Cs' - Maximum Source Concentration [mg/l]
Cs - Source Concentration (mg/l]

....._eo

1.90E+OO
-Q.03E+08

54
0.02
301

1.7eE+24
4.58E-26

0.043

1750
2

»s
0.08

Rl.n112

Time to Reach
Steady State

(y<)

PAL <1

M1 <1

M2 <1

M3 <1
R <1

1111"'"



PlumeAttenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Modol parameteo·
n - Porosity [ftA3IftA3]

K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [ftIft]
Iamda - attenuation rate (1/day]

Mx - muHiplier for longitudinal dispersivity [alpha-x =Mx"x]
My - multiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - multiplier lor vertical dispersivity [aipha-z = Mz'alpha-x]

InPlI1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Mu
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

21 Input Source Data·
Cs - Source Concentration [mgll]
y - sourcewidth perpendicular 10groundwater flow [ft]
Z - Source depth below waler table [ft]
L - farthest distance to be evaluated from source [ft]

1.65E+Ol
122

6

3000

3) Input Monitoring Poiot pata·
Monitoring Point
Cm - concentration at monnoring locations [mgll]
M - Distance to Monnering Locations [ftl

4) Input Receptor Data-
R - Distance to Nearest Receptor Location [ft]
Cgw' - Target Concentration (mg/l]

53
4.30E-42

MODEL CAUBRATlON

5) Run Calibration Macros

Iamda - alIenuation rate [1/dayJ(.OOl - .01)
Mx - multiplier for Iongnudinal dispersivity [alpha-x =Mx"x] (D.
AFm - attenuation factor at location m
Xm - Normalized concenlration at location m
Xm' - modeled normalized concentration at location m
(1-xm'JXm)A2

Sum of Squares (1-Xm'IXm)"2

o.DODO Min (from cell B8)
0.1000 (from cell B9)

#DIVID! #OIVID! #DIVID!
o.OOE+DD _ O.OOE+DD
O.OOE+DD _ O.DOE+DD
O.DOE+DD _ O.OOE+DD

O.OOE+DD

( J
Normalized Concentration

l Attenuation FaetoPCslClxlUXlE+04
INITIAL· InftJalile Inputs

1.00E.Q1

1.00E-Q2

~Ca,_eL.amd. J
'.OOE+03

1.00E-03

~.OOE~

0 1 - ......""8'.00E..QS • M : ~ooe.., ·'"[ CAl2 - calibrate Mx ) 1.00E.o&

~
• PAl.·.1.alE.a7 1.00E.-t01

( J
1.00E.QB

CAU • calibrate Lamda & Mx UXlE-c&
1.00E.+<I)

\. 0 soo dlmnclt'il'om'1lIRII.,i5!1l1 3000 3SOO 0 soo dillloncliWom'IlIII",:lll'/) 3000 3SOO

<1

<1

<1

<1

TIme to Reach
Steady State

(y()

15PAL
Ml

1316 M2
0.44 M3

53 Receptor is wlin PI"-R"- "-.J

3.84E+02
-2.12E.()5

PAL[__~J
PAL - Plume Attenuation Length [11]
PAL./L - Scaled Plume Attenuation Length

R- Distance toNearest Receptor Location [ft]

MODEL OUTPUT
6) Run plume Attenuation Length Macro ·pAl"
CsICgw'"- denuation factor at target concentration

(CSlCgw' - AFpaij/(CsICgw")

7) B8ClDtor Al!eDuaUon

AFr - Attenuation Factol atReceptor
Cr - Concentration at Receptor [mgll]
Cgw' • Target Concentration (mgll]

2.33E+OO
7.07E+OO Exceeds Target

0.043

8) Input Contaminant Data

S - SolubilHy Limit of Contaminant (mgll)
R - Retardation Factor

1750
2

9) Target Source Coocet@tion

Cs' - Maximum Source Concentration [mgll]
Cs • Source Concentration [mgll]

0.10
16.50 Source Reduction Rqrd

....._eo
Run113 '",0197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model parameters"
n - Porosity (!l"3IflA3]
K - Hydraulic Conduclivity 1ft/day]
i-Groundwater Gradient [flIfI]
lamda - attenuation rate [1/day]
Mx - multiplier for Ionglludinal dispersivity [alpha-x = Mx"xj
My - multiplier for transverse dispersivity [alpha-y = My"alpha­
Mz - multiplier for vertical dispersivlly [alpha-z = Mz"alpha-x]

IniluJ
0.25
17.2

0.0069
0.535 Min

0.1
0.33
0.05

Min M.iIx
0.1 0.6

0.01 100
0.0001 0.01

0.535 0.535
0.05 0.2

0.1 03333
0.0125 0.1

2) Inpyt Source Data"

Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water lable (ft]
L - farthest distance to be evaluated from source [ft]

7.07E+OO
122

6
3000

3) Input Monitoring Point Data·
Monlloring Point
Cm - concentration at monlloring locations (mgll]
M - Distance 10 Monlloring Locations (ft]

4' Inpul Receptor Data"
R - Distance to Nearest Receptor Location [ft)
Cgw" - Target Concentration Imgl1J

181
4.30E.Q2

MODEL CAUBRAnON

Normalized ConeentrMian

-Modol

I • M

~_....... --:;·I
I 1.00E+«i~__..2~!!!!!!!!!!!..!:!!£!!!=~:I!l._~
I 1.C"E"'"

1.00E+75
1.00E+70
HIOE+6S
1.00e+«l
1.00E+S5
1.00E+50

uJ·OOE+45
".00E+040

l.lXIE+35
1.00E+30
UIOE+25
1.00E+20
1.00E+15
1.00E+l0

I :::: 0

l
[J'

• M

• PAl.

• R

0.5350 Min (from cell B8)
0.1000 (from cell 89)

#ONIO! #DNIO! #ONIOI
O.OOE+OO _ O.DOE+OO
O.OOE+OO _ O.DOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

[ J
1.00E-tOO

INITIAL- InitiaJize Inputs
1.00E~'

1.00E.Q2

C CAL - calibrate Lamda J
1.00E..QJ

~.00E-{)4

'"C CAl2-CO_Mx J
&.ooe45

1.00e:-D6

UXIE41

1.00E~r:
Jl CAL3 - Coli_ Lornda & Mx 1.00E4I

0

5) Run C.llbratign Mums

lamda - attenuation rate [1/day) (.001 - .01)
Mx - multiplier for longitudinal dispersivity (alpha-x =Mx"'x] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm" - modeled normalized concentration at location m
(1-Xm"JXm)A2

Sum of Squares (1-Xm"/XmjA2

Time to Reach
Steady Slate

(yr)

PAL <1

M1 <1

M2 <1

M3 <1

R <1

7
0.00
181

1.64E+02
-S.79E-Q4

PAl[~__J

MODEL OUTPUT
6) Run plume Attenyatlon Length Macro -PAL·

CslCgw- - attenuationradar. target concentrition

(CsICgw" - AFpal)l{Cs/CgN")

PAL - Plume Attenuation Length [ft]
PALlL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [ft]

7\ ReceptorAttenuation
AFr-Attenuat~F&aaatRece~a

Cr - Concentration at Receplor [mgll)

Cgw' - Target Concentration [mgll]

3.43E+18
2.06E-18

0.043

8) Inpyt Contaminant Data

S - Solubility Limll of Contaminant (mgll)
R - Retardation Faclor

1750
2

9) Tamet Source Concelratlgn

Cs" - Maximum Source Concentration (mgllJ
Cs - Source Concentration [mgl1J

>S
7.07

1211007



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model P'@metecs"
n - Porosity [ftA3IflA3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient (ft/fI]
lamda • attenuation rate [1/day]
Mx • multipliar for longitudinal dispersivity [alpha-x =Mx*x]
My - muijiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - muijiplier for vertical dispersivily [alpha-z =MZ"alpha-x]

1nRu1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MAX
01 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333

0.0125 0.1

2) Input Source Data'

Cs - Source Concentration [mg/l]
y - source width perpendiaJlar to groundwater flow [ft]
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [ft]

1.50E+OO
122

6

3000

3) Input Mgnltgring point Qata'

Monnering Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monnoring Locations [ftl

IllapYI Aegptoc Data·
R - Distance to Nearest Receptor Location [ft]
Cgw' - Target Concentration [mg/I]

53
4..30E-02

MODEL CAUBRATION

S) RUD Calibration MacCQs

Iamda • attenuation rate [1Jday] (.001 •.01)
Mx - multiplier for Iongnudinal dispersivity [alpha-x =Mx"xj (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-XIn"IXml"'Z

Sum of Squares (1-Xm·JXm)A2

OOסס.0 Min (from cell BB)
0.1000 (from cell B9)

#DIVIO! IIDIVIO! IIDIVIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

Nonnallzed Concentration

-ModO

• M

• PAl

• R

3000 :l5OO

1.00£.a3

1.00E+(I1

'.ODE"'"~ ----l

o

ITJ• M
• PAl

• R

( J
1.00E~

INITlAL • Inlti.llze Inputs
1.00e-Q1

1.00E.Q2

( CAL - Calibrate Lamda J
HIOE..Q3

~.00E'(w

"'"

( J
8'.00E..05

CAL2 - Calitlnlte Mx 1.00EoOO

1.00E-Q7

1.00E.Q8CCAU • caUbme LAmda & Mx J 1.00E.(]9

0

<1

<1

<1
<1

Time to Reach
SteadY State

(yr)

•PAL
M1

385 M2
0.13 M3

53 Receptor is wlin PI,,"R,-__~,-.J

3.49E+01
4.97E-C4

PAL[---~

MODEL OUTPUT
6) Run Plyg Att,nuation Length Macro "PAL"

CsICgw"' • attenU8tion factor .. tarvet concentrabon

(CsICgw" - AFpal)/(Cs/Cgw")

PAL - Plume Attenuation Length [ft)
PALJI.. - Scaled Plume Attenuatton Length
R - Distance to Nearest Receptor Location (ft]

1) Receptor AltIou.tioo

AFr • Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgllj
Cgw< - Target Concentration (mgll]

2.33E+OQ
6.43E-{)1 Exceeds Target

0.043

Bllopy! eootamlnant pata
S - Solubility Limn of Contaminant (mg/l)
R - Retardation Factor

1750
2

91 Target Source Concetratjgn

Cs' - Maximum Source Concentration (mg/l]
Cs - Source Concentration [mg/l]

0.10
1.50 Source Reduction Rqrd

Run115 12110197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1\ Input Bow Model Parameters"
n - Porosity [n·3Ift·3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [ftJft]
Iamda - attenuation rate [l/day]
Mx - muniplier for langnudinal dispersivity [alpha-x = Mx"]
My - multiplier for transverse dispersivity [alpha-y = My*alpha­
Mz - muniplier for vertical dispersivity [alpha-z =Mz*alpha-x]

Jnwd
0.25
17.2

0.0069
0.535 Min

0.1
0.33
0.05

Min .MlLl
0.1 0.6

0.01 100
0.0001 0.01
0.535 0.535

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Soyrce pata·
Cs - Source Concentration [mgll]
Y - source width perpendicular to groundwater flow [nl
z - source depth below water table [ft)
L - farthest distance to be evaluated from source [n)

6.43E-lIl
122

6
3000

3) Input Monitoring point Data·

MonnOling Point
Cm - concentration at monnoring locations [mgll]
M - Distance to Monnoring Locations [ft]

4) Input Receptor Data"

R - Distance to Nearest Receptor Location [ft]
Cgw* - Target Concentration [mgtl)

181
4.30E-lI2

MODEL CALIBRATION

5) Ryn Calibration Maerps

Iamda - ettenualion rate [l/day] (.001 - .01)
Mx - multiplier for langnudinal dispersivity (alpha-x = Mx"J (0.
AFm ~ sttenuatton fadar at location m
Xm - NormaliZed concentration at location m
Xm* - modeled normaliZed concentra~on at location m
(1-Xm"IXm)"'2

Sum of Squares (1-Xm*/Xm)A2

0.5350 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DtVIOI #DIVIO!
O.OOE+OO _ O.DOE+OO
O.OOE+OO _ O.DOE-OO
O.OOE-OO _ O.OOE+OO

O.OOE+OO

( J
1.lXlEtQJ

Normalized Concerllntion
1.00E+a5

INITtAL ~ JnitiallzeInputs
t.oae..o1

1.00E+tIO
UlOE+7S
1.00E+70

t.OOE.Q2
UlOE+65

(
J

1.00£-03 1.00E+tlO

I CAL - Calitnte Lamcta 1.00E+55

\. ~.OOEo04

[[J
1.00E+50 - ......

&lXIE.Q5
u.

'.
OOE+45·.. 4.DDE+40 · ..( ~ 1,ooe-Q8 • PI\!.

1.lXIE+35
• PI\!.CAl2 ~ Calibrate Mx

• R
t.DOE+JO
1.DOE+25 • R1.00E-a7 1.00E+20

1.CIOE-OS 1.CIOE+15

[ CAL3 - Calib..... Lamda & Mx J 1.00E-C18
,.lXIE+1OV
1.00£..-05

0 500 dlillo~WLrd'lIi) ""'" 3000
1.OO£tOO

0 500 dl\ll,"eliWom~.dffl) ecce 3500

Time to Reach
Steady State

(yr)

PAl <1

M1 <1
M2 <1
M3 <1
R <1

3
0.00
181

1.5OE+Ol
-l.30E-04

PAlL~J
PAL - Plume Attenuation Length [ft]
PAUL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [n]

MODEL OUTPUT
61 BUD Plyme Attenyation Length MICro -pAL­

CsJCgw" • attenuation fador It tltgel concentration
(CsiCgw"" • AFpal)/{CS/CoW"}

7) Receptor Atteny.tion

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll]
Cgw* - Target Concentration [mg/lJ

3.43E+18
1.88E-19

0.043

8) Input Contamjnant Data
5 - Solubility Limn of Contaminant (mgll)
R - Retardation Factor

1750
2

9) Target Source Concetration

Cs* - Maximum Source Concentration [mgll]
Cs - Source Concentration (mg/l]

>5
0.64

Sholl_eo R.....'1e



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Model parameters'

n - Porosity [llA3IflA3]

K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient (fIIll)
lamda - attenuation rate [1/day}
Mx - mu~iplier for longitudinal dispersivity [alpha-x =Mx"x]
My - multip'er for transverse dispersivity [alpha-y = My'alpha­
Mz - multiplier for vertical dispersivily [alpha-z = MZ'alpha-x]

IIJIl1It
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MiIX
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 01

21 Inpyt Source Oat.·

Cs - Source Concentration [mg/lJ
Y - source width perpendicular to groundwater now [It}
Z - sourcedeplh below water table [ll]
L - farthest distance to be evaluated from source Ill)

6.43E-01
122

6
3000

3) Input Monitoring pointPata"
Monitoring Point
Cm - concentration at monitoring locations (mg/l]
M - Distance to Monitoring Locations Ill)

4JInput Receptor Data·
R - Distance to Nearest Receptor Location [It]
Cgw' - Target Concentration (mg/l]

181
4.30E-02

MODEL CALIBRA110N

NonnaUzed Concentration

~:-l
• PAL ,

• R

'.00E.m

Attenuation F8ctOr=Cs/C x

'.OOE+OO ..... -_---'

o

1.00E+01

I
~I
~I

I

OOסס.0 Min (from cell B8)
0.1000 (from cell B9)

#OIVIO! #DIVIOI #OIVIOI
O.ooE-tOO~ O.ooE-tOO
O.ooE-tOO~ O.ooE-tOO
O.ooE-tOO~ O.ooE-tOO
O.ooE-tOO

~AL -Inl;alizelnputs )
( CAL• CalibrateLamda J

1.0DE.Q3

~.00E4(,.

[ J
S'.DDE45

CA1.2- CalibrateMx 1.0DE4i

1.0DE..a7

1.QOE..QII

[ CAU • calibrate Lamda & Mx J UX)E.Q9

0

5) Run calibration M,cros

lamda - attenuation rate [1/day) (.001 - .01)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x} (0.
AFm - attenuation faclor at location m
Xm - Nonnalized concentration at location m
:xme

- modeled nonnalized concentration at location m
(l-xm"IXm)'2

Sum of Squares (1-Xm'/Xm)A2

<1

<1

<1

Time to Reach
Steady State

w)
3PAl

Ml
241 M2

O.Da M3
181 Rec;eptor is wlin P1L:R-'- -=--'

1.50E+Ol
-1.25E-05

PAL[---)
PAl- Plume Attenuation Length [ftl
PAl.JL - Sca~ Plume Attenuation Length
R - Distance to Nearest Receptor Location [ll)

MODEL OUTPUT
f) Run Plume Attenuation length Macro '"PAL"

CsICgw"' • attenuationfac:lof at la'Vet concentration

(CoICgw" - AFpal)/(CsICgw")

71 RtctglorAttenuation
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mg/l]
Cgw' - Target Concentration (mg/l]

9.37E-tOO
6.86E-C2 Exceeds Target

0.043

8) Input Contaminant Data
S - SolUbility Umit of Contaminant (mg/l)
R - Retardation Faclor

1750
2

9) Target Source Concetratioo

Cs' - Maximum Source Concentration [mg/l)
Cs - Source Concentration lmg/l]

0.40
0.64 Source Reduction Rqrd

....._eo
R~'17 12/1at97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input BOW Model parameters'
n - Porosity IftA3IfIA3)

K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [ftIft]
!amda - attenuation rale [1/dayJ
Mx - muttiplier for Iong~udinal dispersivity [alph8-x = Mx*x]
My - multiplier for lransverse dispersivity [alpha-y = My"alpha­
Mz - muttiplier for vertical dispersivity [alpha-z =Mz"alpha-x]

1nIIIIl
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MD
0.1 0.6

0.01 100
0.0001 0.01

0 0
005 0.2

0.1 0.3333
0.0125 0.1

2~ Input Source Data·
Cs - Source Concentration Imgll]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below waler table [ft]
L - farthest distance to be evaluated from source [It]

16.5
264

18
3000

3)lnpu! Monitoring poln! Data·
Monnering Point
Cm - concentration et mon~oring locations [mgIIJ
M - Distance to Mon~oring Locations [ft]

.t1nput Receptor Data·
R - Distance to Nearest Receptor Location [ft]
Cgw"-T~IC~ion ImgIIJ

50
4.3OE-D2

MODEL CALIBRATION

'Lnco Mllil'soun:o llff'

- ......
" M
" p",­

_"_"__1

AttenUiltion Faetor=CsJCx

1~nClll frimflsouru (ti"f

1'-
I 1.00£+02

I~

I,-~

l'OOEOOJ :

r--......
t "M

• p",-

" "

OOסס.0 Min (from cell 88)

0.1000 (from cell 69)
#OIVIO! #OIVIOI #OIVIO!
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO

O.ooE+OO

[ J
1.00E..oo

INITIAl- lnitiaize Inputs
1.00E-Ol

1.00E.Q2

( ) , 1.00E-aJ
CAL- calibrate Lamda I ~.ooe..()4

1,,-

( J
! ~.ooe-Q5

CAL2• Calibrate Mx 1.DJE:-Q6

1.0DE-Q7

1.00E4I

[ CAU • calibnde Lamdll & Mx J 1.lXlE.Q9

5) Run Callbnltion Macrps

Iamda - attenuation rate [1/day] (.001 - .01)
Mx - multiplier for Iong~udinal dispersivity [alph8-x = Mx*x] (0.
AFm - attenuation factor at location m
Xm - Nonnalizeclconcentration at location m
Xm· . modeled nonnalizedconcentration at location m

(t -Xm"lXm}"2
Sum of Squares (1-Xm"IXm)"2

<1

<1

<1

<'

Time to Reach
Sleady State

(yr)

39PAL
M1

3354 M2

1.12 M3

50 Receptor is wfin PI"R,-__--,,-.J

3.84E+02
-1.B7E-OS

PAL[ J
PAL - Plume Attenuation length [ft)

PAUl· ScaledPlume Allenuation Leng1h

R - Distance to Nearest Receptor Location [Il]

MODEL OUTPUT
6l Run PluDJI Attenuation Length Macro "pAL"

CSICgw* - 8tlenulltionfador at tafVet concentration

(CsICgw" - AFpol)l(CsICgw")

11 Rm;eptor AUlOy.tion
AFr - Attenuation Faclor at Receptor
Cr - Concentration at Receptor [mgll]
Cgw< - Target Concentration [mgll]

1.0BE+OO
1.53E+01 Exceeds Targe!

0.043

" Input CgDlanio.nt Dlta
S - Solubility Lim~ of Contaminant (mgll)
R - Retardation Factor

1750
2

9\ Tame! Source COOCltration

Cs" - Maximum Source Concentration [mgllJ
Cs - Source Concentration [mgIIJ

0.05
16.50 Source Reduction Rqrd

SheI~Co. Run118 1211cwr



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Inoyt Flow Model parameters"

n - Porosity (ft·3Ift·3]
K - Hydraulic Conductivity Ift/dayl
i-Groundwater Gradient [fl/ft]
lamda - attenuation rate [1/day]
Mx - muUiplier for long~udinal dispersivily [alpha-x =Mx"]
My - multiplier for transverse dispersivity [alpha-y = My*alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz'alpha-x]

1nllul
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min AWl
0.1 0.6

001 100
0.0001 0.01

a a
005 0.2

0.1 0.3333

0.0125 0.1

21lnAui Source Data-
Cs - Source Concentration (mgll]
y - sourcewidth perpendicular 10 groUndwater now [ft]
z - sourcedepth below water table (ftl
L - farthest dislance to be evaluated from source [ftl

1.53E+01
264

18
3000

3) InpUt Monitoring point pata"
Monitoring Point
Cm - concentration at monitoring locations (mgll]
M - Distance to Monitoring Locations [ft]

4) Input Receptor Dat,·

R - Distance to Nearest Receptor Location [ft]
Cgw' - Target Concentration (mgll]

150
4.30E-G2

MODEL CALIBRATION

5) Run CaUbration Ma,ros

lamda • attenuation rate [1/day] (.001 - .01)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"xj (0.
AFm - attanuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1.x.m-JXm)A2

Sum of Squares (1-Xm'/Xm)"2

OOסס.0 Min (from cell B6)
0.1000 (from cell B9)

#eNID! 'DNID! #eNID!
O.DOE+OO I#I###t#I a.DOE+OO
O.DOE+OO I#I###t#I a.DOE+OO
O.DOE+OO I#I###t#I a.DOE+OO
O.OOE+OO

( INITIAl- lnitillize Inputs J
( CAL • Calibrate Lamda J
[ CAL2 - Caibrate Mx J
(

CA1.3 -C<llib.... Lam'"~l

,QOE<OI~.nt..tion

1 QOE.Q1

1 QOE-m

UIOE43
- .

DJ·COE44

[J"-
i5'.~ • M

• PAl.UXIE-o&

• R
1.DOE-07

1.DOE-Q8

1.DCE.QI

0 5DD dlmndi'l'Pom'ftl,rci'\flt 3DDD 35DD

Attenuation FactoPCs/C z.

1.00E+Q2

1.00E<tO'l

1.00E""'~_~ ,J

o

- ......
• M

• PAl.

• R

<1

<1
<1

Time to Reach
Steady State

(yr)

37PAL
M1

3228 M2
1.08 M3

150 Receptor Is wfon PlL:.R':""'__-==--l

3.56E+02
7.31E.Q4

PAL[~_~J

MODEL OUTPUT
6) Run plume Attenuation Length Macro -pALII

Cs/Cgw'" • anenu"ion factor at target concentration

lCoIClIw' - AFpaI)I(CslCgw,

PAL - Plume Attenuation Length 1ft]
PALn.. - Scaled Plume Attenuation Length

R • Distance to Nearest Receptor Location [ItI

71 Receptor Attenuation
AFr- Attenuation Factor at Receptor
Cr - Concentration at Receptor Imgllj
Cgw* - Target Concentration (mgll)

2.22E+OO
6.90E+OO Exceeds Target

0.043

8) Inpyt Contaminant Data

S - Solubitity Umlt of Contaminant (mgtl)
R - Retardation Fador

1750
2

91 Target Source CgDcetration

Cs' - Maximum Source Concentration (mgll]
Cs - Source Concentration (mgll]

0.10
15.30 Source Reduction Rqrd

Runt1S 12110191



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Ingut FlOW Model Parameters'
n - Porosity [ftA3IftA3]

K - Hydraulic Conductivity [ft/daYJ
i-Groundwater Gradient [ft/ft]
lamda - attenuation rate [1/day]
Mx - mUltiplier for longitudinal dispersivity [alpha-x = Mx*x]
My - multiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - multiplier for vertical dispersivity [alpha-z =MZ'alpha-xJ

InIlIlI
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min .MiIx
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Sourc. pag"
Cs - Source Concentration [mgl1]
y - source width perpendicular to groundwater flow [IIJ
Z - source depth below water table [ftJ
L - farthest distance to be evaluated from source [IIJ

0.006
264

18
3000

3) Input Monitoring point Data'

MonilO<ing Point
Cm - concentration at montloring locations [mg/1]
M - Distance to Montloring Locations [ftJ

4) Input Rttc;eptor Data"
R - Distance 10 Nearest Rec:eptor Localion [ftJ
Cgw' - Target Concentration [mg/l]

301
2.96E~5

MODELCAUBRAnON

i
f-----c_----c,~11

• N I
• PAL I'
~

Attenuation Faetor=CslC xII'~~~=~
I ,

I

I~~~

I
I ,-
1~"" ~ --J I

_D 35OD_.~

OOסס.0 Min (from cell BS)
0.1000 (from cell B9)

IIDNIO! IIDIVIO! 'DNIO!
O.OOE<OO _ O.OOE<OO
O.OOE<OO _ O.OOE+OO
O.OOE<OO _ O.OOE+OO

O.OOE<OO

NormaliZed Concentration

,

.r... I
I • PAl I
L_'_"_~II

~-~

[ J
1.00E~

INITIAL - Initialize Inputs
UX)E-01

1.00E-Q2

( CAl. - C_. Lamd. J
UIOE-03

~.00E.()4

'"

[ J
~.00E..()5

CAl2. calibrate Mx 1.00E.Q6

1.CCE.m

[ CAU - c.Ji_ LAmda & Mx JED

5) Bun calibration Macrpl
Iamda - allenuation rata [lIdayJ (.001 - .01)
Mx - mutliplier for longitudinal dispersivily [alpha-x =MX*xJ(0.
AFm - alIenuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-Xm'lXmj"2
Sum of Squares (1-Xm'IXm)"2

PAL - Plume Attenuation Length [ftl
PALIL - Scaled Plume AlIenuation Length
R - Distance to Nearest Receptor Location [II]

MODEL OUTPUT
61 Run ptuma Attenuation Length Macm ·pAL"
CsICgw'" - attenU8tion factor at bugel concentration

(CslCgw" - AFpol)l{C5/C<lw")

2.03E+02
1.96E-QS

c PAl. J

Time to Reach

Steady State

(y~

PAL 28
Ml <1

2433 M2 <1
0.S1 M3 <1

301 Recaptor is wlin PI"R-'- -=--'

1) RlCtptor Attenuation
AFr - AlIenualion Factor at Receptor
Cr - Concentration at Receptor (mg/lj
Cgw' - Target Concentration [mgIIJ

4.66E<OO
1.29E-{)3 Exceeds Target

OO296סס.0

I) Input Contaminant Data
S - Solubility Limtl of Contaminant (mg/l)
R - Retardation Factor

1750
2

91 Target Sourc. Concetratlon

Cs' - Maximum Source Concentration [mgllJ
Cs - Source Concentration [mgll]

0.00
0.01 Source Reduction Rqrd

""""'" 12/10/97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) InQyt Flow Model parameters·
n - Porosity [ttA3Ifl A3J
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [flIfl]
lamda - attenuation rate [lIday]
Mx - mu~iplier for longitudinal dispersivijy [alpha-x =Mx"x]
My - mu~iplier for transverse dispersivity [alpha-y = My'alpha­
Mz - multlplier for vertical dispersivity [alpha-z = Mz*alpha-xJ

bU1U1
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min M.u
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.0549

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Source Data-
Cs - Source Concentration [mgllj
y - source width perpendicular to groundwater flow [ttl
Z - source depth below water table [tt)
L - farthest distance to be evaluated from source [ttl

NOTES:

1.29E-03
264 Thisrun simulates benzene from the source at qpns best case scenaro.

18
3000

31lnpyt Monitoring Point pata"
Monitoring Point
Cm - concentration at mon~oring locations [mgll]
M - Distance to Monitoring Locations [ttl

4) Inpyt Receptor Dlta'
R - Distance to Nearest Receptor Location [tt)
Cgw* - Target Concentration [mgll]

201
2.96E-05

MODEL CALIBRATION

$) Run Calibration Macrps

Iamda - attenuation rate [l/day)(.ool - .01)
Mx - mu~iplier for longitudinal dispersivity [alpha-x = Mx"x] (0.
AFm • attenuation factor at location m
Xm - Normalized concentration at location m
Xm· - modeled normalized concentration at iocation m
(1-Xm-JXm}"'2

Sum of Squares (1-Xm*/Xm)"2

0.0549 Min (from cell 68)
0.1000 (from cell 69)

lION/a! IIDIVJOI #DIVJO!
O.ooE+OO~ O.ooE+OO
O.ooE+OO~ O.ooE+OO
O.ooE+OO~ O.ooE+OO
O.ooE+OO

r INITIAL· Initialize Inputs, JL

[ CAL - Calbrate Lamda J
[ CAL2 - Calibrate Mx J

( CAL3 • c.libnte Lamda & Mx J

t.OOE+OO
NonnolizedC_

1.00E.Q1

1.00E.()2

UXIE.()J

~_ooe.()4

\
I ....... ,,..

"&.ooe.(,)5 I • MI
• PAl.1.00E<l6 I
• R

1.1XlE-<rr

1.lXIE.oa

1.1XlE~

0 "'" dlmnc:l.'Wom'!1!l.n:1'\Il1 30lll
3000

Attenuation Fador-=CsIC x

:-ModotI

T""e to Reach
Steady State

(yf)

PAl <1

M1 <,
M2 <1

M3 <1
R <1

44
0.0'
201

4.36E+Ol
1.60E-Q5

PAl[--

MODEL OUTPUT
6) Run plume AUenuation length Macro "pAL­

CsICgw- - 8ttenuaUon factor at hlfVet concentI"I1ton
(CslCgw0 _AFpal)l(Cs/Cgw")

PAL - Plume Attenuation Length [ttl
PAUL - Scaled Plume Attenuation Length

R - Distance to Nearest Receptor Location [ttl

7) Receptor Attenuatign

AFr - A!lenuation Factor at Receptor
Cr - Concentration at Receptor [mgll)
Cgw* - Target Concentration [mg/ij

1.83E+05

7.04E-Q9
OO296סס.0

8) Inpyt Contaminant Data
S • Solubility Lim~ of Contaminant (mgll)
R - Retardation Factor

1750
2

91 Tamet Soyrce Concetration

Cs" - Maximum Source Concentration [mg/I]
Cs - Source Concentration [mgll]

5.42
0.00

1211007



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model parameters"
n - Porosity (!l"3Ifl"3]
K - Hydraulic Conductivity Ill/day]
i-Groundwater Gradient 11lIft]
lamda - attenuation rate [1/day]
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x]
My - muttiplier for transverse dispersivity [alpha-y =My·alpha­
Mz - muttiplier for vertical dispersivity [alpha-z =Mz'alpha-x]

1DllIl1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MiIll
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Inpyt Source Qata'

Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [Il]
Z - source depth below water table (Il]
L - farthest distance to be evaluated from source [Il]

NOTES:

0.0005
264 This run simulates benzene from the source at qpn.s bes1 case scenario.

18
3000

J) Input Monltgring Point pata­

Monrtoring Point
Cm - concentration at monrtoring locations [mg11J
M - Distance to Monrtoring Locations [Il]

4) Input ReceptQr Data·
R - Distance to Nearest Receptor Location Ill]
Cgw' - Target Concentration (mg/I]

301
2.96E-'l5

MODEL CAUBRATlON

5) Run C.llbmtion Macros

Iamda - attenuation rate (lldey] (.001 - .01)
Mx - muttiplier for Iongrtudinal dispersivity [alpha-x = Mx*x) (D.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-xm-JXmt·2

Sum of Squares (1-Xm'/Xm)A2

OOסס.0 Min (from cell 88)
0.1000 (from cell 89)

#CIV/O! #CIV/o! #CIVIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

- .......
o M

• PAl

o R

1.00E+02

1.00E..oo L --l

o

1.00E-t01

..
""W0

:- I
I :;Al

o R

(

J
1.00E..oo

I INITIAl· Initialize Inputs
1.00E..Q1

'-
1.00E-02

( ) 1.00E..Q3
CAL • CalibrateLamda

gOOE-<l<

[ '1 B'.OOE~

CAL2 - C8l1bn1te Mx j 1.IIJE-o&

1.DOE,,"

1.00E-<15

~AU 'C.tib~u.ndo~~ 1.00E-Q9

0

<1

<1

<'

Time to Reach
Steady State

(y>J

aPAL

Ml
672 M2

0.22 M3
301 Receptor is wlin PI,~R..:....__--,,----_

1.69E+Ol
-3. 14E-04

=._PAL~J

MODEL OUTPUT
6) Run plume Attenuation Length Macro "PAL"

CsICgw- • 8ttenuatlon fador at larvet coneentration

(CsICgw" • AFpal)l{CSJC<lw")

PAL - Plume Attenuation length [ft]
PAUL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [Ill

71 Receptor Attenuation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor Imgll]
Cgw. - Target Concentration [mgll]

4.66E+OO
1.07E-04 Exceeds Target

0.0000296

8) Input Contaminant Data

S - SohJbUiIyLimn of Contaminant (mgll)
R - Retardation Factor

1750
2

91 Urger SQurce Concetnltion
Cs' - Maximum Source Concentration [mgllj
Cs • Source Concentration [mg11J

0.00
0.00 Source Reduction Rqrd

12/1007



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Inpyt Flow Model PIAmeters"
n - Poros~y [IlA3IftA31
K - Hydraulic Conductivity 1ft/day]
i-Groundwater Gradient [fl/fl]
lamda - attenuation rate [lIdayJ
Mx - multiplier for longitudinal dispersivity [alpha-x =Mx"x]
My - multiplier for transverse dispersivity [alpha-y =My"alpha­
Mz - mu~iplier for vertical dispersivity [alpha-z = Mz"alpha-x]

Input
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.0549

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Source !>ita·
CS- Source Concentration [mg/l]
y - source width perpendicular to groundwater flow [Il]
Z • source depth below water table [Ill
L - farthest distance to be evaluated from source [Il]

3) Input Monitoring point Data­
Monitoring Point
Cm - concentration at monitoring locations [mgJl]
M • Distance to Monitoring Locations [Il]

4' Input Receptor Data'
R - Distance to Nearest Receptor Location [Il]
Cgw" - Target Concentration [mg/l]

MODEL CALIBRAliON

5) BuDc.Ubratioo Macros
lamda - attenuation rate [l/dayJ(.ool - .01)
Mx - multiplier for longitudinal dispersivity [alpha-x =Mx-X] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm- - modeled nonnalized concentration at location m
(1-xm-JXm)"'2

Sum of Squares (1-Xm"/Xm)A2

1.07E-M
264

18
3000

201
2.96E-05

0.0549 Min (from cell 88)
0.1000 (from cell B9)

#OIV/O! #OIV/oI #ON/O!
O.ooE+OO ######1# O.ooE+OO
O.ooE+OO ######1# O.ooE+OO
O.ooE+OO ######1# O.ooE+OO
O.OOE+OO

[ J I 1.alE"'" ,
Normalized Concentration -l 1.00E+26

INITIAL -Inilialize Inputs
1.00E.(Jl '.COE+24

1.00e+22
1.00E..Q2 1.00£+20

[ CAL • Calibrate Lamda J
1.00E-ro UlOE+1!

~.ooe.()4
1.GOE+16

GJ uJ·OOE+U
~.ooe-os • M

( J
~.COE.'2

• PAL 1.00e+toCAl2 • Calibrate Mx 1.00E-06

• R 1.COE.oe
1.00E-G7

1.00e..o&

( JI

1.00e.QI I UXlE+04

CAU - calibrate Lamda & Mx
1.00E..m

1.00E-09

• SOD dlmnoO'Wom'Wl.",ii!i1 3DDll 3500
1.00EtOO

•

Attenuation Faetor=CslC l(

--
• M
• PAL

• R

MODEL OUTPUT
6) Ryn Plume Attenuation length Macm "PAL"

c.sx:gw- - attenuation fador at target c:oncentralion
(CslCgw" - AFpal)J(CsICgw")

PAL - Plume Attenuation Length [ft]
PALIL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [Ill

7) Receptor Attenuation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mg/l]
Cgw' - Target Concentration [mg/l]

8) Input Contaminant Data

S . Solubility Lim~ of Contaminant (mg/l)
R - Retardation Factor

,} T'rget Soun;' Cpm;etrJtion
Cs" - Maximum Source Concentration [mg/lj
Cs - Source Concentration [mg/l]

....._eo

3.61E+OO
8.16E~

13
0.00
201

1.83E+05
584E-10

OO296סס.0

1750
2

5.42
0.00

Time to Reach
Steady State

()nl

PAL <1

M1 01
M2 <1
M3 <1

R <1

121101'97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Bow Model parameters'

n - Porosity [flA3m'3j
K - HydraUlic Conductivity [fUday]
i-Groundwater Gradient [ftIfl]

lamda - attenuation rate [1/day]
Mx - multiplier for Iongijudinal dispersivtty [alpha-x = Mx"x]
My - muttiplier for transverse dispersivjty [alpha-y = My"alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz"alpha-x]

1nIw1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min .Ma.x
0.1 0.6

0.01 fOO
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Soyrce Pata'

Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [ftl

6.00E.(J3
227

5
3000

3) Input Monitoring point pata"
Monijoring Point
Cm - concentration at monitoring locations [mgll]
M • Distance to Monitoring locations [ft]

4) Input Receptor pata-

R - Distance to Nearest Receptor location [ft]
Cgw' - Target Concentration [mgll]

261
2.96E.(J5

MODEL CALIBRAnON

$) Run C.llbration Macms

Iamda - attenuation rate [f/day] (.001 - .01)
Mx - multiplier for Iongijudinal dispersivijy [alpha-x =MX"xj (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-Xm"lXmj"z

Sum of Squares (1-Xm'/Xm)A2

OOסס.0 Min (from cell B8)
0.1000 (from cell B9)

#DNIO! #DNIO! #DNIO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

Atten~ion FactoPCsIC(x)

UIOE+OO

o

1JXIE+Ot

I

~-,I

~.00E""l---_~_ ~ I

~

GJ• M
• PAL

• R :

HotmIIlized Concentration

rcce.ce

'.00E..,.l--~-~-~~_~-____1

o

CAL2 - calibrate Mx

CAL - Calibrate LarOOa

INITIAl - Initialize Inputs

-----, "II UXlE+OO .,,---"":":======="----,
: ! 1.00e-Q1

'------.-----~) 1,·00E.a:z

(-------~ I~::
l J

B'OOE-<>S
1.00E-Q8

1.00E-aT

[

<1

<1

<1

Tometo Reach
Steady State

(yr),.PAl
M1

1180 M2

0.39 M3
261 Receptor is wfln P1L:.R'-__--=----l

2.03E+02
-l.06E.Q4

PAl.[~__J

MODEL OUTPUT
6) Run plYmeAttenyation length Macro "PAL"

CsICgw'"' • attenuationfactorat taroetconcentratmn
(CsICgw" - AFpeQI(Cslegw"j

PAl. - Plume Attenuation Length [ft]
PAUl· Scaled Plume Attenuation length

R • Distance to Nearest Receptor Location [ft]

7) Rec;:eplor Aneeyatio"
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll]
Cgw'-TargetCon~tion (mgm

1.44E+01
4f6E.Q4 Exceeds Target

OO296סס.0

8\ Input Contaminant Data

S - Solubility limit of Contaminant (mgll)
R - Retardation Factor

1750
2

9) Target Source Cgnectratioo

Cs' - Maximum Source Concentration [mgll]
Cs - Source Concentration [mgll]

0.00
0.01 Soun:e Reduction Rqnl

12f1G'97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Mod.1 parameters'
n - Porosity [fl-'3IllA3j

K - Hydraulic Condudivity [ft/day)
i-Groundwater Gradient [flIll]
Iamda - attenuation rate [1/dayj
Mx - muttiplier for longttudinal dispersivity [alpha-x = Mx'x]
My - muttiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - muttiplier for vertical dispersivity [alpha-z = MZ'alpha-x]

InDJil
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min lUx
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.0549

0.05 02
0.1 0.3333

0.0125 0.1

2) Input Source pata'

Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [Il]
L - farthest distance to be evaluated from source [Il]

4.16E-lI4
227

S
3000

31 Input Monitoring Point Data'
Monttoring Point
Cm - concentration at monttoring locations [mgllJ
M - Distance 10 Monttonng Locations [ft)

4) Input Bee,ptor Data·

R - Distance to Nearest ReceplQr Location [Il]
Cgw· - Targat Concentration [mglll

276
2.96E"'S

MOOELCAUBRATlON

5) Run calibration Macms

Iamda - attenuation rate [1/day](.OO1 - .01)
Mx - muttiplier for Iongttudinal dispersivily (alpha-x = Mx"x] (0.
AFm - attenuation factor at location m
Xm - Niormalized concentration at location m
Xm· - modaled normalized concentration at location m
(I-Xm"lXm)'2

Sum of Squares (1-Xm*/Xm)"2

0.0549 Min (from cell B8)
0.1000 (from cell B9)

#DlVIO! #DIVIO! #DIVIO!
O.OOE+OO tI###### O.ooE+OO
O.ooE+OO tI###### O.ooE+OO
O.ooE+OO tI###### O.ooE+OO
O.ooE+OO

( INITIAL - IniU.1ize Inputs J
( CAL - Catibnrle Lam:ta J
( CAL.2 - Calibrate Mx J

( CAU - calibrate lArnda • Mx J

UIJE+OO
Normalized Concentration

1.0)E-Q1

UJOE-Q2

I 1.<lOE.Q3

~.OQE..(M ......
'"8'.00E-<15 ·..

\ I • PAl.1.00E~

• R
1.CIOE-Q7

1.aoe..QB

'.COE-oa
0 SOD dlHloncliWom'Wl.dlfll '""" 3500

Attenuation Factor:CslC X

- .......
• M

• PAl.·.

Time to Reach
Steady State

(yT)

PAL <1

M1 <1

M2 <1
M3 <1

R <1

24
0.01
276

1.41E+Ol
-l.88E-a4

PAL[~_~J

MODEL OUTPUT
6) Run Plume Attenuation Length Macm "pAL ..

CsICQw* - attenualion factor lit target concentralion
(CSICgw" - AFpal)l(CsICgw*')

PAL - Plume Attenuation Length [ftl
PAUL - SaIled Plume Attanuation Length
R - Distance to Nearest Receptor Location [Il}

7l Receptor Attenuation
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll]
Cgw· - Target Concentration [mgll]

1.20E+07
3.48E-11

0.0000296

8) Input Contaminant Data

S - Solubility Limtt of Contaminant (mgll)
R - Retardation Factor

1750
2

" Target Source Conc:etration
Cs· - Maximum Source Concentration [mgllj
Cs - Source Concentration (mgll]

353.93
0.00

....~Co 12110197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Row Model Pi@meters"

n - Porosity [ftA3IflA3]

K - Hydraulic Conductivity [ft/daYI
i-Groundwater Gradient [ftIft]
lamda - attenuation rate [l/dayJ
Mx - muKiplier for longitudinal dispersivity [alpha-x = Mx·x]
My - muKiplier for transverse dispersivity [alpha-y =My·alpha­
Mz - muKiplier for vertical dispersivity [alpha-z = Mz*alpha-x!

!nIw.l
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MAx
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Input Source Data'
Cs - Source Concentration [mg/I]
y • source width perpendicular to groundwater flow [ft]

Z - source depth below water table [ft]
L • farthest distance to be evaluated from source (ft]

5.ooE-04
227

5
3000

3) Inpyt Monitoring point Data·

Monitoring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monitoring Location. [ftl

4) Input Roc,plol Data"
R - Distance to Nearest Receptor Location [ft]
Cgw* - Target Concentration [mg/lJ

261
2.96E-05

MODELCALIBRATIDN

$) Run C.llbration M.cms

lamda - attenuation rale [lIday] (.001 - .01)
Mx - muKiplier for longitudinal dispersivity [alpha-x = Mx*x] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm* - modeled normalized concentration allocalion m
(1-Xm*JXm)"'2

Sum of Squares (1_Xm*/Xm)A2

OOסס.0 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIV/o! #DIV/O!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO

O.OOE+OO

,
....... II

II
I

·..
• PAl.·.

Attenuation FactopCs/C x

UXlE+OO~ ----l

o

l 1.lXIE+04

I
I 1.00E+03

- .......·.. ~OOE""

• PAl.

• R
1.00E-+(I1

Nonnali%ed Concentration

[ J
1.00E'fQ)

INITIAL - Initialize Inputs
l00e-ol

1.00E.Q2

C CAL - calibrate Lamda J
1.00E43

DJ·OOE.04
"'-

[ JI

~.00E..Q5

CAl2 - catibrate Mx 1.00E-Q6

100E-<J7

< 1.00E4'

[ CAL3 • calibrate lJImdl. & Mx JI
1.00e-OS I

0

<1

<1

<1

Time to Reach

Steady State

(yr)

3PAL
Ml

293 M2

0.10 M3
261 Receptor is wnn PI.cR-'- ::...._

1.69E+01
-813E~

PAL - Plume Attenuation Length [ft)

PALIL - Scaled Plume Attenuation Leng1h
R - Di.tance 10 Nearest Receptor Location (ft]

MODEL OUTPUT
6) Run PlumeAttenuation Length Ma,m "PAL"

~ - attenuation factor at 18rget concentration

(CslCgw- - AFpal)/(C$lCgWj

7) Receptor Attenuation

AFr - Attenuation Factor al Receptor
Cr - Concentration at Receptor [mgl1]
Cgw* - Target Concentration (mg/lj

1.44E+01
3.47EoOS Exceeds Target

OO296סס.0

8) Input Cooqmjo.nt Data

S - Solubility Limit of Contaminant (mg/l)
R - Retardation Factor

1750
2

9l Targe. Source CoocetratjoD

Cs* - Maximum Source Concentration [mg/lJ
Cs - Source Concentration [mg/lj

0.00
0.00 Source Reduction Rqrd

....._"" Run2ll7 12/1007



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input 80w Mod,' Parameters"
n - Porosity [IIA3IflA3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [MI]
lamda - attenuation rate [1/day]
Mx - muKiplier for longitudinal dispersivity (alpha-x =MX-Xj
My - muKiplier for transverse dispersivily [alpha-y = My*alpha­
Mz - muKiplier for vertical dispersivily [alpha-z = Mz*alpha-x]

Inind
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.0549

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Sourt:e Data"

Cs - Source Concentration [mgJI]
y - source width perpendicular to groundwater flow [III
Z - source depth below water table [II]
L - farthest distance to be evaluated from source [II]

31 Input Monitoring Point Data'
Monftoring Point
Cm - concentration at monftoring locations [mgll]
M - Distance to Monftoring Locations [II]

4) Input Recaptor Data·
R - Distance to Nearest Receptor Location [ft]
Cgw* - Target Concentration (mgll]

MODEL CAUBRAllON

5) Bun CalibratiOn Macros

lamda - attenuation rale [lIday) (.001 - .01)
Mx - multiplier for Iongftudinal dispersivily [alpha-x =Mx*x] (0.
AFm - attenuation factor at Iocalion m
Xm - Normalized concentration at location m
Xm-· modeled normaized concentration at location m
(1-Xm*JXm)A2
Sum of Squares (1-Xm*/Xmr2

3.47E-05
227

5
3000

276
2.96E-05

0.0549 Min (from cell 88)
0.1000 (from cell 89)

#DNIO! #eNIO! #DNIO!
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO

( JI 1.llOE"'" t NonnaliHc:l Concentration

I 1.[I)E+2I!I
INITIAL ~ InitiaJlze Inputs

1.00E+261.00E-41 I
I 1.00E+2"

1.(X)E-02 i 1.00E+22

( ) 1.00£43 I 1.00E+20
CAL • calibrate Lamda I '.lXlE+18

~.00E44

IT]
'.00E+16

"'-
~_ooe+t ..

C J
~.OOE..QS

• PAl '.00E+12
CAL2 • calibrate Mx 1.00E-OS .. 1.lXIE+l0

1.00E-Q7 lJX1E+QB

1.CIJE.f(JS

( J
1.00e~ 1.00E+04

CAU e c.llbtate Lamda & Mx 1.1XlE.fQZ

"'" dlmn&'Wom'Vill...li!l1 3000 35lXl 1.lXlE+OJ

0

Attenuation FactorcCsIC x

• u
• PAl·.

PAl - Plume Attenuation Length [II]
PAUL - Scaled Plume Attenuation Length
R • Distance to Nearest Receptor Location [II]

MODEL OUTPUT
6) Bun plume Attenuation length Maero ·pAL"

CsICgw* e 8ttenulltion factor at larget concentration

(Cs/CgW" - AFpol)/(CsICgw")

c PAL

1.17E+OO
-4.09E-05

1
0.00
276

Tirne 10Reach
Steady State

(yQ

PAl <1
M1 <1
M2 <1
M3 <1
R <1

7) Rocegtor Attenuation

AFr• Attenuation Factor atReceptor
Cr - Concentration at Receptor (mgJI]
Cgw* - Target Concentration [mgJIJ

8) Inpqt Contaminant Dala

S - Solubility Umit of Contaminant (mgJI)
R - Retardation Factor

9) Target Source ConcetratfDD

Cs* - Maximum Source Concentration (mgJI]
Cs - Source Concentration [mgll]

...._Co

1.20E+07
2.90E-12

0.0000296

1750
2

353.93
0.00

."""" 1211007



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) InPUt FJpw Model parameters"
n - Porosity [tl A3IllA3j
K - Hydraulic Conductivity [ft/day]
I - Groundwater Gradient [ftIft]
Iamda - attenuation rate [1/day)
Mx - mU~iplier for longitudinal dispersivity [alpha-x =Mx"x)
My - mu~iplier for transverse dispersivity [alpha-y = My"alpha­
Mz - muKiplier for verticai dispersivity [alpha-z =Mz"alpha-x]

InpILI
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0,01

0 0
0.05 0.2
0.1 03333

0.0125 0.1

2) Input Source Data-

Cs - Source Concentration [mg/l]
y - source width perpendicular to groundwater flow [tI]
Z - source depth below water table [tI]
L - farthest distance to be evaluated from source [til

6.ooE-Q3

227
5

3000

3) Input Monitoring point pata"
Monnoring Point
Cm - concentration at monnoring locations [mg/l]
M - Distance to MonnoMng Locations [tI)

4110001Renplor Da'
R - Distance to Nearesl Receptor Location [tI]
Cgw. - Target Concentration [mgJI]

276
2.96E-QS

MODEL CAUBRAnON

NormalizedConcentration

5) Run Cllibrjltion I.ems
lamda - attenuation rate [l/day](.ool - .01)
Mx - mu~iplier tor IongMinal dispersivity [alpha-x = Mx"x] (0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm· - modeled normalized concentration at location m
(1·Xm"/Xmr2
Sum of Squares (1-Xm·/Xm)"2

( J
I 1.QJEiOO

INITIAL- Initialize Inputs
1.O'JE-01

1.CIOE-Q2

[ CAL - Calibrate Lamda J
1.0JE.QJ

~.lJJE..()4...
L CAl..2- C8Ii>nIle Mx J

&.00E45
1.00E-OS

UlOE..o7

1.00E-Cl8

[ CAL3 - Coli_ Lamdo .. Mx J
1.DOE4I

0

0.0000 Min (from cell 68)
0.1000 (from cell 69)

#DIV/o! #DIV/O! #DIV/O!
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO
O.ooE+OO _ O.ooE+OO

O.ooE+OO

- .....
• M
• PAL

• R

AttlI!InUition FactorzCs1C x

1.00E+03

I 1.00E+Ol

1,~~r--

I
I

:::'1
• R

<1

<1

<1

Time to Reach
Steady State

(}Q

14PAL
Ml

1180 M2

0.39 M3

276 Receptor is wlin PI"R.:.....__......::........J

2.03E+{)2

-1.50E-04

PAL~_J[
PAL - Plume AI1enuelion Length (ft]

PALIL - SCaledPlume Attenuation Length

R - Distance to Nearest Receptor Location [fl]

MODEL OUTPUT
6) Run Plume Attenuation Length Macro ·pAL'"
estegwe _ lIltenuation factora. targetconcentmion

(CsICgw" - AFpll)/(CsICgw")

7) Receptor AUtnyatlon
AFr - Attenuation Factor at Receptor
Cr • Concentration at Receptor [mgl1j
Cgw· - Target Concentration [mgJI]

1.56E+{)1

3.86E-04 Exceeds Target
0.0000296

~ -

8) Inpyt Contaminant Data

S - Solubility Limit of Contaminant (mgJI)
R - Retardation Factor

1750
2

9) Target $aURiC Concatrltipo

Cs· - Maximum Source Concentration [mgJI]
Cs - Source Concentration [mgJI]

0.00
0.01 Source Reduction Rqrd

....._eo
12JHW7



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model parameters"
n • Porosity [ftA3IftA3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [ftIft]
lamda • attenuation rate [l/day]
Mx • muttiplier for longitudinal dispersivity [alpha-x =Mx"x]
My - multiplier for transverse dispersivity [alpha-y = My"alpha­
Mz - multiplier for vertical dispersivity [alpha-z = Mz"alpha-x]

2) Inpyt Source Data"
Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
l - farthest distance to be evaluated from source [Il]

3) Inpyt Monitoring point Data"

Monttering Point
em . concenlration at monttoring locations [mg/l]
M - Distance to Monttoring Locations [ft]

411Rpul Receptor Data"
R • Distance to Nearest Receptor location [ft]
Cgw* - Target Concentration [mg/l]

MODEL CAUBRAnON

1RJlIIt
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

3.86E-G4
446

7
3000

301
2.96E.(I5

Min Mu
0.1 0.6

0.01 100
00001 0.01
0.0549 0.0549

0.05 0.2
0.1 0.3333

0.0125 01

5' Run Calibration Macrps
iamda - Bllenualion rate [l/day] (.001 - .01)
Mx - multiplier for Iongttudinal dispersivily [alpha-x = Mx"x] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm" - modeled nonnalized concentration at location m
(1-Xm°IXm)'2

Sum of Squares (1-Xm"/Xm)"2

0.0549 Min (from cell 88)

0.1000 (from cell 89)
#DIVIO! IOIVJO! #DIVJO!
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO _ O.OOE+OO
O.OOE+OO

( J
t.lXJE+ClD

INITlAL - Initialize Inputs
'.cae""
1.00E-02

( CAL - C81b'8te Lamda J
1.CIOE-03

~.CIOE..Q4

""
[ J

c1'.ooe-05
CA.I..2- Caibnlte Mx 1.00E.Q6

1JXJE-oT

1.00E.QS[CAu.Callb_ Lamda & Mx J UXlE..Q9

0

MODEL OUTPUT
6' Run Plume M,nutio" length Macro ·pAl..

CsICgw"' - attenuation fac:tor .. tarvet concentration

(CslCgw* • AFpoI)I(CsICgw")

[ PAL J
PAL • Plume Attenuation length [ft]
PAUl- Scaled Plume Attenuation length
R - Distance to Nearest Receptor Location (ft]

7) Rec.plor Attenuation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgJI)
COW"- Target Concentration [mg/l]

"Input Cgntaminant Data

S - Solub~ity lim~ of Contaminant (mg/l)
R - Retardation Factor

9) II""t Soun;e Conqtratjoo

Cs" - Maximum Source Concentration (mg/lj
Cs - Source Concentration (mg/l]

...._eo

\

Normaliad Concentnl.tion

1.30E-+Ol
-3.54E-Q4

26
0.01
301

1.79E+07
2.16E-11

0.0000296

1750
2

529.40
0.00

R~10

ITl·..
• P.....

• R

Tillie to Reach
Steady Slate

(yfJ

PAL <1

Ml <1

M2 <1

M3 <1
R <1

12110191



MODEL PARAMETER INPUT

Plume Attenuation Model: FATE2

1) Inpyt Flow Model Parameters"

n - Porosity (1l"3Ift"3]
K - Hydraulic Conductivity (ft/day]
i-Groundwater Gradient [ftIft)
lamda - attenuation rate [1/day]
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x)
My - multiplier for transverse dispersivity [alpha-y = My"alpha­
Mz - multiplier for vertical dispersivity [alpha-z = MZ'alpha-x)

InIW1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min .Mu
0.1 0.6

0.01 100
0.0001 0.01

0 0
005 0.2

0.1 0.3333
0.0125 0.1

2) Input Soyrce Data"

Cs - Source Concentration [mgJI]
y - source width perpendicular to groundwater flow 1ft)
Z • source depth below water table (ft]
L • farthest distance to be evaluated from source [ft)

Jllnput Monitoring pojnt Data·
Monitoring Point
Cm - concentration at monitoring locations (mgllj
M - Distance to Monitoring Locations [ft)

4) Input Receptor Data·

R - Distance to Nearest Receptor Location 1ft]
Cgw' - Target Concentration [mgll]

MODEL CAUBRATlON

5' Bun Calibration Macros

lamda - attenuation rate (l/day) (.001 - .01)
Mx - multiplier for longitudinal dispersivily [alpha-x = Mx*x] (0.
AFm - attenuation factor at location m
Xm- Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-Xm·/Xm)"'2

Sum of Squares (1-Xm"/Xm)"2

5.00E-04
446

7
3000

477
2.96E-GS

OOסס.0 Min (from cell BB)
0.1000 (from cell 89)

#e1V1O! #eIVJO! #DIVIO!
O.ooE+OO 1/######O.ooE+OO
O.ooE+OO 1/######O.ooE+OO
O.ooE+OO 1/######O.ooE+OO
O.ooE+OO

[ INITIAL-In.iaiz'ln~ 1.DOE-tGO 1.COE+a3
Atbmuation F.dor=CsJC(x)

I

1.00E-G1 i

I
i

UXJE.Q2 IL CAl· <:aIibnIt. Lamda J
UJOE-03

r~ll
I~I~=

I
cjI.00E.04 - ......,..

[ J
il'.ooe-os

• M

CAl2 - calibrate Mx 1.DDE..06 I : :AJ. I • PAl.
UDE+01

• R
I

1.0DE..Q7

~~~( J
1.0JE4S

CAU ~ Calibrate Urad_ & Mx 1.00E.Q8

0 SCXl dll&....'Wom"mJl!l1 :JJOO
3500

1.00E+OO

0 SCXl

PAl - Plume Allenuation Length [ft]
PAUL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location (ft]

MODEL OUTPUT
6) Run Plume AUonu,tigo Length Macro ·pAL..
CsICgw- • 8ttenuatlon hldor at: target concentnltion
(CsICgw* • AFpal)l{CsICgwj

PAL J
1.69E+01
-1.86E-QS

447
0.15

477

Time to Reach

Steady Slale
(yr)

PAl 5

M1 <1
M2 <1

M3 <1

R

11Receptor AUenyation

AFr • Attenuation Fador at Receptor
Cr - Concentration at Receptor (mg/!]
Cgw' - Target Concentration [mgll]

8) Input Contaminant Data
S • Solubility Limit of Contaminant (mg/l)
R • Ratardation Fador

" Target Source Concetration

Cs" - Maximum Source Concentration [mg/I]
Cs - Source Concentration [mgll]

.... ""'--"Co

t.84E+Ol
2.72E.Q5

OO296סס.0

1750
2

0.00
0.00

RI.n211 12110/97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Model Parameters"

n - Porosity [ft"3Ifl"31
K - Hydraulic Conductivity [flJday]
i-Groundwater Gradient [fIIfl]
Iamda - attenuation rate [l/day]
Mx - muffiplier for longitudinal dispersivity [alpha-x =Mx'x]
My - mUitiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - muttiplier for vertical dispersivity [alpha-z =Mz'alpha-x]

InP.IIt
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min M.u
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.0549

0.05 0.2
0.1 0.3333

0.0125 0.1

21lnpul SOurce pata'
Cs - Source Concentration [mgllJ
y - source widthperpendicular to groundwater flow [ft]
Z • source depth below water table [ft)
L - farthest distance to be evaluated from source [ft]

2.72E-GS
446

7
3000

3) Input Monitoring point D.ta"
Monnoring Point
Cm - concentration at monitoring locations (mgll]
M - Distance to Monnoring Locations [ftl

4) Input Receptor Qata-

R - Distance to Nearest Receptor Location (ft]
egw- - Target Concentration [mgll]

301
2.96E-G5

MODEL CALIBRAnON

5) Bun C'''bgtion MICros

Iamda - attenuation rate [l/day)(.ool - .01)
Mx • mUffiplier for longitudinal dispersivity (alpha-x =Mx"l (0.
AFm - attenuation factor atloeation m
Xm- Normarazed concentration atloeation m
Xm' - modeled normalized concentration at location m
(1-XIn"IXm)'2

Sum of Squares (1-Xm'/Xm)"2

0.0549 Min (from cell B6)
0.1000 (from cell B9)

#CIVIC! .DIVIC! #CIVIC!
O.ooE+OO lili##ii#i# O.ooE+OO
O.ooE+OO lili##ii#i# O.ooE+OO
O.ooE+OO lili##ii#i# O.OOE+OO
O.ooE+OO

[ CAL' - c..lib_ umda • M. J

NonnaliDd Concentnltion

1.llE<OO

'.lOE.o'

'.lOE.Q2

.J.lOE<l3

~~... .......
IU;~-cs

\
• II
• PAL

1.lOE.oo ·.
1.lOE-<J7

1.lOE'"

I.

""" 0 ""Dm1~ ,.laWS•• (tiT"" 30IXl 3500

Attenuation fador=CSIC x

- .......
• II
• PAl·.

Time te Reach
Steady State

(ytJ

PAL <1
M1 <1
M2 <1
M3 <1

R <I

-1
0.00
301

9. 19E.Q1
-2.26E.()4

PAl.[~_~J

MODEL OUTPUT
&1 Run Plyme Attenuation Length Macro ·pAL..
~ . attenuation fador at target concentration

(CsICgw" - AFpol)J(CsJCgw-)

PAL - Plume A1tenuation Length 1ft)
PA1.ll. - Scaled Plume A1tenuetion Length
R • Distance to Nearest Receptor Location [ft]

71Rteeptor Attenuation
AFr - Altenuetion Factor at Receptor
Cr - Concentration at Receptor Imgll]
Cgw' - Target Concentration [mg/I]

1.79E+07
1.52E-12

0.0000296

"Input COntaminant Data

S • Solubility Limn of Contaminant (mgll)
R - Retardation Factor

1750
2

9l Tamet Soya;e Concetratigo
Cs' - Maximum Source Concentration [mg/l)
Cs - Source Concentration [mg/l]

529.40
0.00

R~12 12110197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Bow Model parameters'

n - Porosity [flA3III·3J
K - Hydraulic Conductivity [fIJday]
i - GroundwaterGradient [fIJft)
lamda - attenuation rate [lIday]
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx"'xJ
My - muttiplier for transverse dispersivity [alpha-y = My"alpha­
Mz - muttiplier for vertical dispersivity [alpha-z = Mz'alpha-xJ

101M
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Mu
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2·

0.1 03333
0.0125 0.1

2) Input Source pat."

Cs - Source Concentration [mg/l]
Y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
l - farthest distance to be evaluated from source [IlJ

6.OOE~3

122
6

3000

3) Input Monitoring point pata·
Monitoring Point
em -concentration at monnoring locations [mgJIJ
M - Distance to Monnoring Locations fIlJ

4) Input Rcctptor Data'
R - Distance to Nearest Receptor Location [ft]
Cgw" - Target Concentration [mg/l]

53
2.96E~5

MODEL CAUBRAliON

Nonnalized Concentnltion

:-~1
• PAl. I
• R j

U'OE+01

o==-'~'
: 1.00E+03I

ITJ:-' '• PAl.."

0.0000 Min (from cell B8)
0.1000 (from cell B9)

#DIV/o! #DIV/O! #eIV/O!
O.ooE-+OO _ O.ooE-+OO
O.ooE-+OO _ O.ooE-+OO
O.ooE-+OO _ O.ooE-+OO

O.ooE-+OO

[ JI
1.OJE+OO

INITIAl· Inilialize Inputs 1.00E-Q1K
1.00E~

(CAL-Ca'_. Lamela i 1.00E-Q3

) ~.OOE.()oI

'"

( J
g..00E.()5

CAl2 - Calibrate Mx t.OOE-OS

1.00E-07

I

1.00E-Q8

( CAL3 - Calibnlte Umda & Mx J 1.0JE-D9

0

5) Run C.llb@tign Macros

Iamda - attenuation rate [l/day] (.001 - .01)
Mx - muttiplier for IongMinal dispersivity [alpha-x = Mx"x] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm· - modeled normalized concentration at location m
(1·Xm-lXm)"'2

Sum of Squares (l-Xm"/Xm)"2

Tmeto Reach

Steady Slate

(yr)

PAL 11

M1 <1
954 M2 <1

0.32 M3 <1

53 Receptor is wfln PI R <1

2.03E-HJ2
-1.01E-D4

PAL[~_~J

MODEL OUTPUT
6) Run plume Anenuation Length Macm "PAL"
CsICgw'" - attenuation fador 81 target concenlration

(CsICgw* - AFpal)l(CslCgwj

PAL - Plume Attenuation Length [ft]
PALll - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [Il]

7) Receptor Attenuation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor (mgJI]
Cgw" - Target Concentration [mgllJ

2.33E-+OO
2.57E-<J3 Exceeds Target

0.0000296

81 Input Contaminant Data

S - Solubility Umn of Contaminant (mgJI)
R - Retardation Factor

1750
2

It lJmet Sourc. Conc.tration

Cs" - Maximum Source Concentration [mgJI]
Cs - Source Concentration [mgJI]

0.00
0.01 Source Reduction Rqrd

"""'3 12f1lW7



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input BOW Model parameters"
n - Porosity [ftA3IflA3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [ftIft]
Iamda - attenuation rate [1/day]
Mx - multiplier for Jong~udinal dispersivity [alpha-x = Mx'x]
My - multiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - multiplier for vertical dispersivity [alpha-z = MZ'alpha-x]

InIlIIl
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min Mn
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.0549

0.05 0.2
0.1 0.3333

0.0125 0.1

2)lnpul Soun;e Dala'
Cs - Source Concentration [mgll]
Y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
L - farthest distance tobe evaluated from source[Il]

2.57E-lJ3
122

6
3000

3' Input Monitoring Point Data"
Mon~oring Point
Cm - concentration at mon~oring locations [mgll]
M - Distance 10 Mon~oring Locations [ft]

4) Input Receptor Data"
R - Distance to Nearest Receptor Location [ft]
Cgw' - Target Concentration [mgll]

181
2.96E-lJ5

MODEL CAUBRATlON

$' Run Calibration M'ems

Iamda - attenuation rate [lIday] (.001 - .01)
Mx - multiplier for Iong~inal dispersivity [alpha-x = Mx"X! (D.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled nonnalized concentration at location m
(1·Xm·lXmjA2

Sumof Squares(1-Xm'/Xm)A2

0.0549 Min (from cell B8)
0.1000 (Irom cell B9)

#DNID! #DIVIO! #DNID!
o.OOE+OO _ O.OOE+OO
o.OOE+OO _ o.OOE+OO
o.OOE+OO _ o.OOE+OO
o.OOE+OO

- .......·..
• PAl.·.

Attenuation Foictor-CsIgx)

I
, ·COE. ,. ,-------"'=="'----,
1.00E+26

. 'COE'"

I
I ::::

1.00E+18

~.00E+1.

1.00E+12

1.00E+10

1.00E.aI

1.00E..-06

1.00E'004

1.00E+Q21.COEoOO l- -_--1

o

1.DOE.m
Nonn.Und Concentration

UXJE-01

1JJOE.Q2

1JXIE.oJ

~.lXE-{)4 I .......
'"&.IIIE..()5

\
! ·..

1.DDE~ Ii • PAl.·.
1.DOE47

1.00e..oe

1.1XE49

0 """ DRIlnclt'Wom'WI.rd"tll1 30lXl 3OllO

[ INITiAl· lnililize lnputs J
[ CAL • calibrate Lamds J
[ CAL2 • calibrate Mx J
[ CAL3 - Collb_ UmdlI & Mx )

Time to Reach
Steady State

(yr)

PAL <,
M1 <1
M2 <1
M3 <1
R <,

45
0.01
181

8.68E+Ol
-2.17E~

PAl[__~J

MODEL OUTPUT
6) Run plume Attenuation llOgtb Macro "PAL"

CsICgw'" - attenuation fador at target concentnltion

(CsICgw' • AFplIl)/(CsJCvw")

PAL - Plume Attenuation Length [ftl
PALIL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [II]

71Rocem Alttnuation
AFr • Attenuation Factor at Receptor
Cr - Concentration at Receptor [mgll]
Cgw' - Target Concentration [mgll]

2.81E+05
9.15E-09

OO296סס.0

8) Input Contaminant Data
S - Solubility Limit of Contaminant (mgll)
R - Retardation Factor

1750
2

9) Target Source Conc.tration
Cs' - Maximum Source Concentration [mgll]
Cs - Soun;e Concentration [mgll]

8.31
0.00

12f'll;W7



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Mod.1 parameters'

n - Porosity [ftA3IfIA3]
K - Hydraulic Conductivity [ft/day)
i-Groundwater Gradient[flIft]
lamda - attenuation rate [lIday]
Mx - multiplier for Iong~udinal dispersivity [alpha-x; Mx·x]
My - multiplier for transverse dispersivity [alpha-y ; My·alpha­
Mz - multiplier for vertical dispersivity [alpha-z ; Mz·alpha-x]

IDIHll
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min Max
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

21lnpyt Source Pala'

Cs - Source Concentration [mg/l]
y - source width perpendicular to groundwater ftow[ft]
Z - source depth below water table [II]
L - farthest distance to be evaluated from source [ft]

5.DDE-lI4
122

6
3DDD

3t Input Monitoring point Data'

Mon~oringPoint
Cm - concentration et mon~oring locations [mg/l]
M - Distance to Monitoring Locations [II]

4) Input Bee.ptar pata'
R - Distance to Nearest Receptor Location [II]
Cgw· - Target Concentration [mgJl]

53
2.96E-lI5

MODELCAUBRATION

- .......
• M
• p/OJ.·.

Attenuation Factor=CsIC{x)

1.00E.+01

1.00E+OO '- -_---'

o

[

i Im_j
I 1'''"'=

I~'I'II • M ~""'''''

I ::~ i,

OOסס.0 Min (from cell B8)
0.1000 (from cell B9)

#DNIO! #DNIO! #DIVIOI
o.oos-oo _ o.ooe-oo
O.ooE.oo _ O.ooE.oo
o.ooa-oc _ o.ooa-oo
O.OOE.oo

Nonnalized Concentration

( J
I UIOE+OO l

INITIAL - Initialize Inputs ,
1.00E-D1

tlJJE..Q2

( CAl - CIIOrate Lamda J
t.OOE..Q3

Dt·OCE-04

~.00E45
( CAL2 - Calibrate Mx ) 1.00E.{)fJ

\. 1.00E-07

[ )
1.00E-D8

CAU - cali..,... Lamda & Mx UXJE-oJ

0

5) Run CaljbrJtiOO MICros
lamda - attenuation rate [l/day] (.001 - .01)
Mx - multiplier for longitudinal dispersivity [alpha-x; Mx"x] (0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm· - modeled normalized concentration at location m
(1-xm-lXm)""2

Sum of Squares (1-Xm*JXm)"2

1.69E+01
-J.57E-04

MODEL OUTPUT
6) Run plume Attenuation Length Macro "PAL"

CsICgw- - attenuation rador 8t target concentration

(CsJCilw- - AFpal)l(CsiCgw")

PAL

PAL - Plume Attenuation Length [II]
PALIL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location [II]

Time to Reach
Steady State

(yTj

PAL 3
M1 <1

259 M2 <1

0.09 M3 <1

53 Receptor is wlin PI R <1

7) Ree.ptor Anenuatlon

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mg/l]
Cgw· - Target Concentnition [mg/l]

2.33E.oo
2.14E-04 Exceeds Target

0.0000296

8) Inpyt Contamjoant Data

S - Solubitity Um~ of Contaminant (mg/l)
R - Retardation Factor

1750
2

9) lJrge! Source Coneetratlon

Cs' - Maximum Source Concentration [mg/l]
Cs - Source Concentration Img/ll

0.00
0.00 Source Reduction Rqrd

• ..",5 1:111<>97



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1llnput FlOW Model parameters·
n - Porosity [ftA3IftA3]
K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient [flIIl]
lamda - attenuation rate [lIday]

Mx - mu~iplier for Iongaudinal dispersivity [alpha-x = Mx"x]
My - mU~iplier lor transverse dispersivity [alpha-y = My'alpha­
Mz - mu~iplier lor vertical dispersivity (alpha-z = MZ'alpha-xJ

Inlwl
0.25
17.2

0.0069
0.0549 Min

0.1
0.33
0.05

Min .M.u
0.1 0.6

0.01 100
0.0001 0.01
0.0549 0.0549

0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input $guree Data·

Cs - SourceConcentration [mg/l]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]
L - farthest distance to be evaluated from source [ft]

2.14E-ll4
122

6
3000

31 Input Monitoring Point Data"

Monitoring Point
Cm - concentration at monaoring locations [mg/l]
M - Distance to Monitoring Locations [ft]

41 Input ReceDtgr Data·
R - Distance to Nearest Receptor Location 1ft]
Cgw' - Target Concentration (mg/lJ

181
2.96E-05

MODEL CAUBRAnON

5) Ryn Calibration Macros

Iamda - attenuation rate [lIday] (.001 - .01)
Mx - multiplier lor Iongaudinal dispersivity [alpha-x = Mx"x] (0.
AFm - attenuation factor at location m
Xm - Nonnalized c:oncentration at location m
Xm' - modeled nonnalized concentration at location m
(1·xm*lXm)1I2

Sum of Squares (1-Xm'IXm)A2

0.0549 Min (from cell 88)
0.1000 (from cell B9)

1m1V1O! #DIVIO! #DIV/O!
O.OOE+OO ######Ii O.OOE+OO
O.OOE+OO ######Ii O.ooE+OO
O.OOE+OO ######Ii O.OOE+OO
O.OOE+OO

( ] UIJE+OO
INITlAL - Initialize Inputs

1.00E41

1.DOE.()2

( CAl.ea....... I..II.:>] UIOE4J

~.00E-04
:..

[ J
8'.00E45

CAL2 ~ Calibrate Mx 1.lXJE..Q8

1.DOE-oT

1.DOE-08

( CAU • C.librafe Lunda & Mx J 1.DOE-09

D

\

NOrm8lized Concentration Attenuation Factor-CsIC x

-­·..
• PAL·.

PAL - Plume AIlenuation Length [Il)
PAUL - Scaled Plume Attenuation Length

R - Distance toNaarest Receptor Location (ft)

Time to Reach
Steady Slate

(yr)

PAL <1

M1 <1

M2 <1

M3 <1

R <1

19
0.01
181

7.23E+OO
1.34E-Q5

PAL~_J[

MODEL OUTPUT
6) Run Plume Attenuation length Macro "'PAL"
CstCgw* • Ittenuation flldor at target concentration

(Co/CilW' - AFpaI)I(CsICgw")

71 Reca»prAUenuation
AFr - Altenuation Faclor at Receptor
Cr - Concentration at Receptor [mg/l]
Cgw' - Target Concentration [mgJIJ

2.81E+05
7.62E-l0

0.0000296

8) Input Contamjoant [)ala

S • Solubility Limitof Contaminant (mg/l)
R • Retardation Fador

1750
2

I) Target Source Coneetration

Cs' - Maximum Source Concentration [mg/l]
Cs - Source Concentration [mg/l]

8.31
0.00

• ..",a 1211007



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model parameters"

n - Porosity (fl"3IfI A3]

K - Hydraulic Conductivity [ft/day]
i-Groundwater Gradient[ftIfI]
lamda - attenuation rate [lIdayJ
Mx - muttiplierfor longitudinaldispersivity(alpha-x = Mx-X]
My - muttiplier for transverse dispersivity [alpha-y = My'alpha­
Mz - muttiplier for vertical dispersivity [alpha-z = MZ'alpha-xJ

1nIw1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min MJIx
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2
0.1 0.3333

0.0125 0.1

2) Input Source Data'

Cs - Soun:e Concentration (mg/1]
Y - source width perpendicular to groundwater flow [ft]
Z - soun:e depth below waler table [ft]
L - farthest distance to be evaluated from soun:e [ft]

2.14E-M
122

6
3000

3) Inpue Monitoring point Data"

Monttoring Point
Cm - concentration at monttoring locations [mg/1]
M - Distance to Monttoring Locations [ft]

4) Inpyt Receptor Data'

R - Distance to Nearest Receptor location [ft]
Cgw' - Target Concentration [mg/1]

181
2.96E-Cl5

MODEL CAUBRAnON

$) Run Cllibotion MKms

Iamda - attenuation rate [t/day] (.001 - .01)
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx"x] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm' - modeled normalized concentration at location m
(1-Xm-lXm)"'2

Sum of Squares (1-Xm'/Xm)"2

0.0000 Min (from cell B8)
0.1000 (from cell B9)

#DIVIO! #DIVIO! #DIVIO!
O.OOE+OO~ O.OOE+OO
O.OOE+OO~ O.OOE+OO
O.OOE+OO~ O.OOE+OO
O.OOE+OO

[ J
1.DOE-+OO Nannalized Concentration~

1.00E+04 Attenuation F.d:or-CsIC x
INITIAL - InitializeInputs

1.lXlE41

l.DOE.Q2
I

( J
1.00E+03

CAL - CaliblateLamda
1.00E..Q3

~OOE"" [[J -~I"B'.aoe..os • M
~00E<02 ::Al I

C J
• PALCAL2 • eatlbrateMx 1.ClOE..Q6

• RUXIE..(J7 1J)JE~1

~I

JI
100E~t I

i
[ CAU - calibrate L.amda & Mx UX)l:~

0 SOD dRn<~'i'Pom'!I'!I""5i'b 3000
3SOO

1.00E+QO

0 SOD Illlll.nc1l'Wom'WLrei'1lll 3000 3SOO

Time to Reach
Sleady Slale

(yf)

PAL 2
M1 <1
M2 <1
M3 <1
R

152
0.05
181

7.23E+OO
1.47E.Q5

PAL______J[

MODEL OUTPUT
61 Run PIYme Attenuation Length Macro ·pAL..

CsICgw* • sttenuation factorat targetconcentration
(CslCgw· • AFplIl)/(CsICgw")

PAL - Plume AlIenuation Length [ftJ
PAUL - Scaled Plume AlIenualion length
R - Distance to Nearest Receptor Location [ftl

7) Rcceptor AU.ny,tipn

AFr - AlIenuation Fador at Receptor
Cr - Concenlration at Receptor [mg/1j
Cgw- - Target Concentration [mg/1]

9.37E+OO
2.28E.Q5

0.0000296

8) Inpyt Contamjn.nt pata

S - Solubility Limit of Contaminant (mg/1)
R • Retardation Factor

1750
2

9) Target Soyrce ConcotratiQn

Cs" - Maximum Soun:e Concentration [mg/1]
Cs - Soun:e Concentration [mgll]

0.00
0.00

......~Co RUI\217 1211007



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input FlOW Model Parameters'

n - Pcrosity [ftA3IlIA3]

K - HydraurlCConductivity lftIday]
i-Groundwater Gradient [flIIt]
Iamda - attenuation rate [l/day]
Mx - muUiplier for Iong~udinal dispersivity [alpha-x = Mx"x]
My - muUiptier for transverse dispersivily [alpha-y = My"alpha­
Mz - muUiplier for vertical dispersiv~y (alpha-z = Mz"aipha-x]

1nJw.l
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

Min M.u
0.1 0.6

0.01 100
0.0001 0.01

0 0
0.05 0.2

0.1 0.3333
0.0125 0.1

2) Inpyt Source pata'
Cs - Source Concentration (mgll]
y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table (ft]
L - farthest distance to be evaluated from source [ft]

6.00E-43
264
18

3000

3) Inpyt Monitoring POint Data'

Mon~oringPoint
Cm - concentration at monitoring locations [mgll]
M - Distance to Monitoring Locations [ft)

4) Input Receptor Dag'
R - Distance to Nearest Receptor Location 1ft]
COW"- Target Concentration [mgllJ

50
2.96E-45

MODEL CAUBRATlON

- ........
• N

• PAL

• R

Attenuation Factor=CsIC x

1.lDE+01

1.00E+Q2

1.00E"" llL-- -_---l

o

..
'"

I

ITJIe N

• PAL

• R

0.0000 Min (from cell 68)
0.1000 (from cell 69)

#DIVIO! #DNIO! #DIVIO!
O.OOE~ _ O.OOE~

O.OOE~ _ O.OOE~

O.OOE~ _ O.OOE~

O.OOE~

Normaliud Concentration

[ J
1.lXlE400

INITIAl ~ Initialize Inputs
1.00E-01

1.00E.Q2

( ) 1.00E.-03
CAL • C8titnte Llmda

~.00E..()4
:=.

[ J
&.OOE-QS

CAL2 ~ calibrate Mx 1.00E4I

t.OOE~

1.00E-oB

[ CAL3 - calibrate Lamda & MJ<J t.OOE.Q9

0

$) Run Calibration Macro.s

Iamda - ettenuation rate [lIday] (.001 - .01)
Mx - muUiptierfor longitudinal dispersivily [alpha-x = Mx"x] (0.
AFm - attenuation factor at location m
Xm - Normalized concentration at location m
Xm" - modeled normalized concentration at location m
(I-Xm"lXm)'2

Sum of Squares (1-Xm"JXm)"2

<1

<1

<1

<'

Time to Reach
Steady State

(yr)

28PAl
Ml

2433 M2
0.81 M3

50 Receptor is wlin P1c.R-'---__-=-'---'

2.03E+02
1.41E-Q5

PAL[~_~J

MODEL OUTPUT
6) Run ply"" Attenuation Length Macro ·PAL"

CsICgw*. attenuation factor It target concentnltKln

(CsICgw" - AFpeO/(CsiCQw")

PAl - PILme Attenuation Length (ft]
PAUL - Scaled Plume Attenuation Length
R - Distance to Nearest Receptor Location (ft]

7)~rAttenuation
AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor (mgll]

COW"- Target Concentration [mgll]

1.08E~

5.57E-03 Exceeds Target

0.0000296

8) Inpyt Cootanjo.nt Data

S - Solubility Lim~ of Contaminant (mgll)
R - Retardation Fador

1750
2

9) Ta ....' Source ConeebjjlUon

Cs" - Maximum Source Concentration [mgll]
Cs - Source Concentration [mgll]

0.00
0.01 Source Reduction Rqrd

R..",. 11110m



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow MgdtI Paranwtt,..·
n - Porosity [1l"3III'3]
K - Hydraulic Conductivity [ft/day]

i-Groundwater Gradient [ftIIl]
Iamda - ahanuation rata [lIday]
Mx - mukipliet' for Iong~udnal dispersivity [aipha-x =Mx"x]

My - mukipliet' for lransverse dispersivity [alp/la-y = My"alpha­
Mz - mukiplier fer v8tlica1 diSP8"ivity [alpha-z =Mz"alpha-x)

1nlw1
0.25
17.2

0.0069
o Min

0.1
0.33
0.05

MIn M.u
0.1 0.6

0.01 100
0.0001 0.01

0 0
005 02

0.1 0.3333
00125 01

2) Input Sgurc. Data-

Cs - Source Concentration [mgll]
y - source width perpendicular to groundwater flow [n)
Z - $OUrce depth b8Iowwater tabla [n]
L - farthest distance to be evaluated from source [n)

5.57E-43
264
18

3000

3} Input MQD'lodng pmu'DItI·

Mon~oringPoint
Cm - concentration at monitoring locations [mgll]
M - Distance to Monrtating Locations In]

4) Input RIIi,ptgr P...•
R " Distance to Na8r8sl R8C8pter Location [ft]
Cgw" - Target Concantralion [mgll]

150
~

MODEL CAUBRAllON

-­
• M·....·"

1.00E+02

1!JDE+OO.... ---'

o

! -I

WM......"

OOסס.0 _ (from cell 88)

0.1000 (from cell 89)
iWlVJO! iWlVlO! iWlVlOl
O.OOE.oo _ o.ooe-oo
o.ooa-oo _ o.coe-oo
o.ooe-co _ o.ooe-oo
o.oce-oo

1.0DE... '- ....J

o

1.lIIE-DI

J
l lODE"" _e_
I
i :::r:=:==:=

J
'ODE....

________~ ~ODE'"

J
&ODE...

1.a:E-ClI

~__________ 1.00E-07

J

[ CAL • c._. L.amdo

( CAL2 •e.-. Mx

( CAU • Coll_ I.MMa & Mx

51 Run Cldlbndlpn M_
Iamda - attanuelion I'8Ie [l/day] (.001 - .01)
Mx - mukipliar for Iongrtudinal disparsivity [lIIpha-x = Mx"x] (0.
AFm - attenuation hIctor allocalion m
Xm - Nonnalizeej concantnIlion at Iocalion m
Xm" - modeled normalized concentration at location m
(1·xm"/Xm}"2

Sumof Squares(1-Xm"/Xmr2

[ INIT......-1._._

PAL - Plume AItanu8Iion~ [II]
PAUL - 5caJed Plum.~ Length
R - Dislanc8 to Nearest Ree.ptor LOClIlion In]

MODEL OUTPUT
61 Bun Plume Altanudqn Length MICjI"D-PAL·
CsICgw"- ............ _"' .._.......­

(c:.JCvw" - AF_ICslCQw")

<1

<1

<1

Time \0 Reach
Steady State.,.,

zrPAL
Ml

M2
0.78 M3
150 R__ " wIIn Pfl.'R.:-__-=---'

, .Il8E->02

-1.4OE-D5

JPAl.(

7) Rlcllltpr A!IInyIl!gn

AFr - AIlanuatlon FKtor III Rec8pII:Ir
Cr - COI1Cl8l1Ir8lion at Receptor[mgll]
Cgw" - Target Concentration [mgll)

azzs-oo
2.51e-oo &CMda Target

0.0000296

Illnput Cgn",nMt 0-
S - Solubility Llmrt of Contaminant (mgll)

R • Retardation Factor

1750
2

9) It_ sours' Concltratloo
Cs" • Maximum Source Concantralion [mgll]
CS• Source Concentration[mgll]

0.00
0.01 Sou",. R_e:tIon Rqnd

...._eo
....". '''''WI
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MEMORANDUM

TO: Port Quendall Distribution DATE: April 4, 1997

FROM: Stephen Codrington - RETEC RE:

Mike Riley - S.S. Papadopulos

1 Introduction

Site Groundwater Model

The Port Quendall Development project is a proposed development of several former
industrial properties located on the shore of Lake Washington at the end of the May
Creek drainage. The locations of the properties are shown in Figure 1-1 and include the
Baxter North and South Parcels, Quendall Terminals property, and Pan Abode property.

This memorandum discusses the groundwater modeling proposed as part of a feasibility
study for the project area and is intended as an interim status report on the modeling
effort for the Department of Ecology. The document is intended for discussion purposes
only.

1.1 Modeling Objectives

The three dimensional groundwater model being developed will be used to simulate
various remedial alternatives and their effects on groundwater flow and contaminant
transport. Remedial alternatives may include site capping, a containment wall, in situ
treatment systems, and groundwater extraction and treatment. .

Site data are available and of a sufficient quantity and quality to justify a three
dimensional model. The site geological model is based on extensive site investigations

by RETEC, HartCrowser (1996), and Woodward-Clyde Consultants (1990). Thesite
geological interpretation has been extrapolated from site boundaries to model boundaries
using additional sources of information including Department of Transportation (DOT)
borings, local well logs, and published regional geological interpretations. Water level
data have been compiled and analyzed to characterize the seasonal variations and
provide coverage for the entire model area. The source areas to be used in the fate and
transport evaluation are outlined in the Uplands Constituents Memorandum (RETEC,
1997).
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Hart Crowser (1996) has completed a draft remedial investigation of the Quendall
Terminals property including a simple, two-dimensional flowpath model. The objective
of this work was to simulate the groundwater system, estimate the depth of vertical flow
components, and estimate the distance from the shore that the lake environment might
be affected by contaminated groundwater discharge.

A remedial investigation of the Baxter property was conducted by Woodward-Clyde
Consultants (1990). This study did not include a groundwater modeling effort although
some hydraulic testing was conducted.

A more complex modeling approach is now proposed as partof the Port Quendall
Development Feasibility Study. The more complex approach is warranted in order to
predict the effect of the remedial alternatives on groundwater flow patterns and
contaminant transport. Specific issues to be investigated include: the feasibility of
installing an in situ treatment system, depth and extent of a proposed containment wall,
a possible pump-and-treat system, and chemical fate and transport under pre- and post­
remediation conditions.

2 Geologic Setting

The geology at the project area consists of alluvial material deposited by May Creek,
Lake Washington sediments, and fill material deposited as part of previous site
development. The fill material is a complex mixture of sand, silt, gravel, and wood
debris from previous industrial activities in the project area. The fill material is largely
unsaturated and consequently is not significant for groundwater modeling
considerations."

Below the fill material is a complex, interbedded layer of silt, sand, and peat that is
probably a mixture of May Creek sediment deposits and Lake Washington sediment
deposits that predate construction of the Lake Washington Ship Canal, when the water
level in the lake was higher. This layer shows a high degree of heterogeneity both
vertically and horizontally due to changes in the May Creek channel alignment over
time. This layer is saturated over most of its depth which extends from approximately
5 to 30 feet below ground surface (bgs).

The silt-peat layer grades into a deeper layer of dense sand and gravel that may be older
May Creek alluvium or part of a deeper regional aquifer in Vashon outwash deposits.
Over most of this aquifer, the water levels are similar to the water levels in the silt-peat
layer. However, recent borings by Shannon & Wilson found artesian conditions at a
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depth of greater than 100 feet bgs. Although no definitive confining unit was
encountered, there is obviously an impediment to vertical flow at this depth. Based on
these deep borings, it is inferred that these borings encountered the regional Vashon
outwash aquifer and that the dense sand and gravel layer is part of the May Creek
alluvial fan deposit. This is consistent with the bathymetry of the Lake Washington
adjacent to the project area, which indicates an alluvial fan extending across the lake to
Mercer Island. Based on the bathymetry, this alluvial fan extends to a depth of at least
80 feet below mean sea level (MSL). The alluvial fan is expected to become less thick
moving inland.

Typical sections through the project area are shown on Figures 2-1 and 2-2. The first
section extends approximately parallel to the lake shoreline and the second extends
approximately perpendicular to the first from the Pan Abode property in a northwesterly
direction into Lake Washington. Elevation contours of the bottom of the silt-peat layer
and the bottom of the sand layer are shown in Figures 2-3 and 2-4, respectively.

The present geologic interpretation is consistent with the geologic interpretation
presented in the Quendall Terminals remedial investigation report (Hart Crowser, 1996),
with only minor modifications based on more recent borings in the project area. The
interpretation differs from an interpretation presented in a remedial investigation report
for the Baxter property (Woodward-Clyde Consultants, 1990).. In that report, a
confining layer was identified between the Silt-peat layer and the deeper sand and gravel
layer. More recent investigations by Hart Crowser and RETEC indicate that there is no
continuous confining layer in the project area, although localized day lenses are present.

3 Water Levels

Water levels at the site have been measured at a number of wells on the Baxter,

Quendall, and Pan Abode properties, which comprise most of the project area. Water
levels in the project area are quite stable with seasonal variations of less than 3 feet in
most shallow wells (completed in the silt-peat layer) and less than 2 feet in the deeper
sand and gravel layer. The fluctuation in the sand and gravel layer is approximately the
same as the fluctuation in the Lake Washington water level. This indicates that the
shallow layer is more influenced by seasonal changes in recharge and that the deep layer
is more influenced by the water level in Lake Washington.

For model calibration, average water levels will be used to represent steady-state flow and
long-term transport conditions. Average water level data are presented in Table 3-1 and
shown for the silt-peat layer and sand layer in Figures 3-1 and 3-2, respectively.
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4 Compounds of Concern

Chemical compounds detected in groundwater in the study area include BTEX
compounds, PAHs, and pentachlorophenol. The compounds were compared based on
maximum observed concentration, frequency of detection, exceedance of applicable
surface water criteria, and the cancer slope factor for carcinogens. The results of the
analysis are presented in Table 4-1.

This analysis is used to limit the number of compounds that will be simulated in a future
transport evaluations for the study area. Based on this analysis, it is proposed that
future transport evaluations will be limited to benzene, naphthalene, and chrysene.
Benzene represents the transport behavior of light, volatile constituents. In addition,
it is found at relatively high concentrations and is a carcinogen. Naphthalene represents
the transport behavior of the two and three ring PAHs. It is found in relatively high
concentrations and is more readily transported than three ring PAHs. Chrysene is
representative of the heavy PAHs consisting of four or more rings. It is found at
relatively high concentrations and is a carcinogen.

5 Model Setup

Application of a groundwater flow and transport model has been proposed as part of the
feasibility analysis of the Port Quendall Development project area. The model can be
used to estimate the mass loading rate of compounds to Lake Washington and to
evaluate remedial alternatives for the project area. The USGS groundwater flow model,
MODFLOW (McDonald and Harbaugh, 1988), and the SSP&A transport; model,
MT3D_96 (SSPA, 1996), are proposed for this modeling effort. Both models are
appropriate models for this type of analysis and are recognized as industry standards for
groundwater flow and transport modeling. The following sections describe the proposed
setup for the groundwater model and preliminary estimates of model parameters.

5.1 Model Area

The area covered by the groundwater model will be the entire alluvial fan of May Creek
extending from the toe of the bluff east of Interstate 405 and south to the mouth of the
May Creek valley at approximately North 40th Street. The west boundary of the model
area will be the toe of the alluvial fan in Lake Washington allowing simulation of flow
from the sand and gravel layer to the lake and simulation of remedial alternatives that
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extend into the lake. The model area is shown on Figure 5-1 along with surface and
bathymetric contours for reference.

Thickness of the silt-peat layer and sand layer for the model was computed from the
surface, bottom of silt-peat, and bottom of sand contours. The results are shown in
Figures 5-2 and 5-3 for the silt-peat and sand layers, respectively.

5.2 Model Grid and Layers

A variable spaced grid is proposed for the model with cell sizes ranging from 60 to 30
feet (Figure 5-4). The fine grid area covers most of the upland and nearshore portion of
the project area. The coarse grid area includes areas around the project area including
upland areas and off shore areas. The minimum grid size was selected to allow detailed
simulation of containment walls, treatment zones, and funnel-and-gate technologies
which may be analyzed as part of the feasibility analysis. If necessary, additional finer
mesh areas can be added with a limited effort if the simulation of particular technologies
require extremely fine grid cells.

Model layers are not yet defined, but will be based on site geology and remedial
alternatives to be analyzed. At a minimum, model layers will represent the shallow silt­
peat layer as well as the deep sand and gravel layer. It is likely that the sand and gravel
layer will be divided into more than one layer for consideration of containment walls of
different depths. The shallow layer mayor may not be divided depending on the need
to simulate remedial alternatives considered for the shallow layer. The fill layer will not
be included in the model as this layer is unsaturated over most of the site and, in areas
where the bottom of fill is below the water table, it will be treated as part of the silt-peat
layer.

5.3 Boundary Conditions

The boundaries of the site are quite simple and heavily dominated byLake Washington.
The water levels in Lake Washington are very stable with time and the lake is large
enough that the lake stage is not affected by groundwater flow at the project area.
Similarly, remedial alternatives that may include pumping groundwater will not affect
lake stage. Consequently, the lake will be treated as a constant head boundary.

For the upland boundary of the model, it is proposed to use different boundaries in the
different layers. The shallow silt-peat layer extends to the toe of the bluffs east of
Interstate 405 where the material is largely silt and clay. The silt and clay along the
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bluff is considered to contribute little groundwater flow to the site. Consequently, the
upland boundary in the shallow layer will be a no-flow boundary.

The deep sand and gravel layers extend up to the alluvial deposits in May Creek south
of North 40th Street and may be hydraulically connected to sandy aquifers under the
bluffs east of Interstate 405. These boundaries are not considered to be significantly
affected by pumping in the project area. Consequently, the model layers in the deep
sand and gravel layer will be treated as constant head boundaries (see Figure 5-4). This
is a conservative assumption as it means that the boundary will not inhibit flow in the
model.

In addition to the above model boundaries, the model will include May Creek and
surface recharge as additional sources of groundwater. Recharge will be based on an
estimate of surface runoff, precipitation, and evapotranspiration and is expected to be
about 20 inches per year. May Creek will be treated as a river boundary which will allow
inflow or outflow from May Creek to groundwater depending on the head difference
between May Creek and the water table.

5.4 Hydraulic Parameters

Hydraulic parameters include hydraulic conductivity and storage coefficient. Because
the groundwater flow model will be operated under steady-state conditions, only the
hydraulic conductivity is pertinent to this study. Hydraulic conductivity has been
measured through pump tests and slug tests on both the Quendall Terminal property
and the Baxter property. The results of these tests are presented in Table 5-1.

The results of the hydraulic testing on both the Quendall and Baxter properties are in
good agreement. The testing indicates similar ranges of hydraulic conductivity
depending on the material type. Sand and sandy gravel in either the deep or shallow
layers show hydraulic conductivities in the range of 6 to 57 ft/day. Silty sand has
hydraulic conductivities in the range from 0.2 to less than 10 ftlday. Hydraulic
conductivity for silt and clay ranges from 0.2 to 2.0. The overlap in the ranges for
hydraulic conductivity between sand, silty sand, and silt is largely due to a single,
possibly anomalous measurement. If the lowest hydraulic conductivity for sand and the
highest for silt sand were deleted, the range for sand would be from 15 to 57 ft/dayand
the range for silty sand would be from 0.2 to 8.8 ftlday. Similarly, the range of hydraulic
conductivity for silt or clay is less than 1.0 if the highest measured value is deleted.

The range of hydraulic conductivity indicates that the material on the site is quite
heterogeneous. Based on the geologic interpretation, the heterogeneity may be due to
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remnants of May Creek channels or differential deposition during periods of high lake
levels. Also based on the geologic model for the study area, it is expected that
heterogeneity will be greater in the vertical direction than in the horizontal direction.

In the model, it is proposed to incorporate the hydraulic conductivity data by averaging
the data over each layer instead of attempting to discern zones or regions of varying
hydraulic conductivity within a layer. For the horizontal conductivity, it is proposed to
take the arithmetic average of the data (Table 5-1). This represents flow in a layered
system with horizontal flow predominantly through coarser-grained layers. The
hydraulic conductivity in the vertical direction will be taken as a fraction of the
horizontal hydraulic conductivity. To represent the low hydraulic conductivity of silt
and peat layers, it is expected that the ratio between the horizontal and vertical
hydraulic conductivity will be on the order of 100. For the sand layer, the vertical
layering is less prominent and the ratio is expected to be on the order of 10.

In addition to the hydraulic parameters for the flow model, the effective porosity is also
needed for transport modeling. The effective porosity for the silt-peat layer has been
estimated at between 0.28 and 0.32 at the Baxter property and at 0.30 at the Quendall
Terminals property. The effective porosity of the sand has been estimated at between
0.20 and 0.25 at both properties. For all practical purposes, the values estimated for
effective porosity at each property are the same and little effect is expected in model
results over the ranges estimated for each property.

5.5 Chemical Parameters

Chemical parameters consist of chemical-specific reaction rates and sorption coefficients
for the transport modeling. Chemical parameters will be estimated from the literature.
In addition, the literature values will be augmented with site-specific data derived from
treatability testing currently in progress. Chemical parameters have a high level of
uncertainty and efforts will be made to identify a realistic range of values based on site-
specific data and literature values. The model will be implemented with different values
of the transport parameters to assess the sensitivity of the model results to changes in
transport parameters.
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Figure 1-1 Site Location Map
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Table 4-1 Compounds of Concern In ground water samples

lilli' ~:!I

RelerenceDose Cancer Slope Factor
Max. Cone SolubilityLimit Retardation 1101 Ma/K IDay Mg/Kg/Day

Detections Analyses Detection% (ugIL) mg/L Factor Rings Oral Ref. Inhalation Ref. Oral Ref. Inhalation ReI. Carcinogen
Pentachlorophenol 3 130 2% 630 5ma/LtalO'C I 14malL1IIl20'C 7 1 3.00E-02 R 1.20E-01 R - R - R No
Benzene 37 113 33% 14000 1780mg/L@20'C 1 1 .. R 1.70E-03 R 2.90E-02 A 2.90E-02 A Yes
Toluene 54 108 50% 3400 470mg/L@16'C/515 mg/L@20'C 2 1 2.00E-01 A,R 1.14E-01 - - R R No
Ethylbenzene 38 113 34% 3800 140 mg/L@15'C/152mg/L@20'C 6 1 1.00E-01 A 2.86E-01 A - R - R No
o-Xylene 10 26 38% 510 175 mglL@20'C NA 1 2.00E+00 R 2.00E-01 R - R - R No
m-,p-Xylene 12 26 46% 1000 198mg/L@25'C(p-xylene) NA 1 NA NA NA NA NA NA NA NA No
xvlene (total) 44 106 42% 7800 1 NA 2.00E+00 A,R 2.00E+00 A - R - R No
Naphthalene 72 121 60% 43000 31-34mg/Lin distilledwaterllll25'C 7 2 4.00E-03 A 4.00E-03 A - R - R No
Acenaphthene 59 121 49% 1900 NA 23 3 6.00E-02 R 6.00E-02 R - R - R -
Aeenaphthylene 25 121 21% 2300 3.93 mg/L In dlstilled@25'C 13 3 4.00E-03 .. 4.00E-03 .. - - - - No
Anthracene 35 121 29% 1200 .075 mg/L@15'C 69 3 3.00E-Ol A 3.00E-01 R - R - R No
Fluorene 56 121 46% 2200 1.9 mglL@25'C 36 3 4.00E-02 A 4.00E-02 A - R - R No
Phenanthrene 50 121 41% 6200 1.6mg/L@15'C 69 3 4.00E-03 - 4.00E-03 - . . . - No
Benzo(a)anthracene 31 121 26% 1100 0.044mg/L@24'C (practicalgrade) 6,704 4 - R - R 7.30E-01 R 6.10E-Ol R Yes
Chrysene 29 121 24% 1700 0.0015@15'C 10.006mg/L@25'C 972 4 - A - A 1.15 A 1.15 A Yes
Fluoranthene 46 121 38% 2800 0.120mg/L@24'C(99%purtty) 186 4 4.00E-02 A 4.00E-02 A - R - R No
Pvrene 41 121 34% 2400 0.032mg/L(practicalgrade) 186 4 3.00E-02 R 3.00E-02 R - R - R No
Benzo<a)pyrene 33 121 27% 1700 NA 26,715 5 .. R - R 7.3 R 6.1 R Yes
Benzo(b)f1uoranthene 14 47 30% 50 NA 2,672 5 - R - R 7.30E-Ol R 6.10E-Ol R Yes
Benzo(k)f1uoranthene 12 59 20% 46 NA 2,872 5 - R - R 7.30E-02 R 6.10e-02 R Yes
Dibcnz(a.h)anthncene 14 121 12% 420 NA 16,030 5 - R - R 7.3 R 6.1 R Yes
Benzo(g.h,i)perylene 15 121 12% 1000 NA 7,772 6 4.00E-03 - 4.00E-03 - - - - - No
Indenot1,2.3-cdlovrene 14 78 18% 830 NA 7,772 8 - - - - 7.30E-Ol - 6.10E-Ol - Yes
Dibenzofuran 37 99 37% 1500 NA 55 4.00E-03 R - R - R - R No

NOTES:
The detectio"s and analysisstatistics are compliedfrom the Retecdatabasefor QuendallProperties
Retardation factors are tabulated in Table XX, shown In appendixXX.

References
R - US EPARegion III Risk Based ConcentrationTable, EPA Region3, March7,1995
A - EmergencyStandardGuide for Risk Based CorrectiveAction Applied at PetroleumReleaseSites, ASTM. ES 38-94
SolubilityLimit taken from "Handbook01Envtronmental Data on OrganicChemicals,2nd Edition, KarelVerschueren, Van NostrandReinhold, New York, 1983

Createdby SBC Cocli 414/971:56 PM
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Table 5·1 Summery of Hydraulic Conductivity Estimates based on pumping testand slug tests

Hydraulic Depth below
Test Conductivity Type of Ground Surface

Location (ftJday) Test of Screen Interval Type of Soli In Screened Interval Geologic Unit as Assigned by Retec Reference
BAX-1A 2.1 slug test 5 to 20 silty sand Fill and Silty PeatZone 2
BAX-5 0.6 slug test 8 to 18 silty sand and sand Fill andSilty PeatZone 2

BAX-8A 15.0 slug test 10to 20 sand Silty PeatZone 2
BAX-9 31.2 pumping test 5 to 15 silty sandwith silty and clay layer Fill and Silty PeatZone 1
BAX-10 1.5 slug test 10to 20 sand and silty sand Silty PeatZone 2
BH-10 3.4 pumping test 5 to 20, silty sandwith layer of clayeysilt Fill and Silty PeatZone 1
BH-15 4.8 pumping test 5 to 20 silty sand Fill and Silty PeatZone 1

BH-18A 0.6 slug test 4 to 14 silt Fill andSilty PeatZone 1
BH-2A 1.1 pumping test ? to 20 silty sandwith peat Interbeds Silty PeatZone 1
BH-6 8.8 pumping test 8 to 18 silty sand and silty clay with peat Silty PeatZone 1
BH-8 0.4 pumping test 13 to 23 silty clay with layerof silty sand Silty PeatZone 1
BH-19 15.6 pumping test 5 to 15 sandwith layer of silt Silty PeatZone 1

BH-25A 6.8 pumping test 9 to 19 sand and silty sandwith layer of silt Silty PeatZone 1
BH-12 2.2 slug test 13to 23 sandy/clayey silt and very silty sand Silty PeatZone 1

BH-17A 0.2 slug test 6 to 16 sandto very silty sandwith layerof silt Silty PeatZone 1
BH-19 17.0 slug test 5 to 15 sandwith layerof silt Silty PeatZone 1

BH-20A 17.0 slug test 7 to 22 interbedded layerof silts Silty PeatZone 1
BH-23 0.2 slug test 7 to 22 silt with small layerof sand Silty PeatZone 1

WP-1 23.0 slug test 2 to 3(3) sand Silty PeatZone 1

WP-4 0.5 slug test 2 to 3(3) silt Silty PeatZone 1

WP-5 20.1 slug test 2 to 3(3) sand Silty PeatZone 1

BH18B 56.7 slug test 42 to 52 sandygravel SandZone 1

BH-21B 5.7 slug test 42 to 52 gravellyf-m sand SandZone 1

NoTES:
1. Draft Remedial Investigation, Quendall TerminalUplands, Table 3-2, HartCrowser Report, October1, 1996.

2. RemedialInvestigation Report. J.H. Baxter, Renton Washington Site, Vol I, Woodward Clyde,October 1996.

3. Feet belowmudline atoffshore temporary well points.

J __
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Table 3-1 Average measured water level data.

Well Coordinates Model Water Level

ID East-West North-South Layer (ft MSL)

16 1662544 198027 Silt-peat 17.05

17 1662463 198084 Silt-peat 24.1

18 1662377 198121 Silt-peat 19.35

19 1662520 198141 Silt-peat 18.95

20 1662625 198089 Silt-peat 14.75

21 1662696 198039 Silt-peat 15

22 1662945 197975 Silt-peat 14.9

25 1662870 198024 Silt-peat 18.75

26 1662772 198079 Silt-peat 16

27 1662689 198134 Silt-peat 16

28 1662606 198185 Silt-peat 19.2

29 1662941 198087 Silt-peat 13.85

31 1663023 198037 Silt-peal 15.65

32 1662747 198269 Sill-peat 14.45

B-1 1662691 196518 Silt-peat 22.3

B-3 1662949 196509 Silt-peat 22.4

BAX-l 1662958 197926 Silt-peat 16.88

BAX-IO 1663122 198530 Silt-peat 17.55

BAX-II 1662854 197932 Silt-peat 16.88

BAX-IA 1662967 197944 Silt-peat 16.91

BAX-5 1662502 198159 Silt-peat 14.77

BAX-6 1663129 198833 Silt-peat 14.13

BAX-7A 1663462 197963 Silt-peat 24.6

BAX-8A 1662527 198031 Silt-peat 15.7

BAX-9 1662585 197762 Silt-peat 17.16

BH-12 1661825 197122 Silt-peat 18.33

BH-17A 1662512 196838 Silt-peat 20.13

BH-18A 1662281 197707 Silt-peat 16.24

BH-19 1662102 197650 Silt-peat 15.07

BH-20A 1662029 197396 Silt-peat 15.4

BH-2IA 1661758 197052 Silt-peat 14.62

BH-22 1662937 197562 Silt-peat 19.96

BH-23 1662367 197566 Silt-peat 18.23

BH-24 1662381 197850 Sill-peat 16.34

BH-25A 1662307 197149 Silt-peat 18.61

BH-26A 1662026 196848 Sill-peat 17.96

BH-27 1662698 197423 Silt-peat 18.88

BH-28 1661940 197219 Silt-peat 16.82

BH-5 1662129 197508 Silt-peat 17.17

BH-5A 1662110 197486 Silt-peat 17.17

GB-l 1663000 196205 Silt-peat 29.2

HCB·I 1662697 196522 Silt-peat 25

NBMW-l 1663078 197893 Silt-peat 21.6

NBMW-2 1663488 198618 Silt-peat 29.93

PAMW-l 1662620 196466 Silt-peat 28.34

PAMW-2 1663009 196605 Silt-peat 30.32

BH-17B 1662511 196838 Sand 18.14

BH-18B 1662281 197707 Sand 16.89

BH-20B 1662028 197395 Sand 16.66

BH-21B 1661757 197052 Sand 16.26

BH-25B 1662306 197149 Sand 17.45

BH-26B 1662025 196847 Sand 16.94



To: Brian Sato

From: Ching-Pi Wang

Date: April 22, 1997

Subj: Baxter/QuendalJJAG
Comments on Site Groundwater Model Memorandum dated April 4, 1997.

1. Page 2. "Modeling Objectives"

State the opinions and conclusions of Retec and S. S. Papadopulos & Associates on
quality of results of the two-dimensional flow path model. Identify the results and
interpretations from the two-dimensional model that will be utilized in three­
dimensional model. For example, what is the depth of vertical flow components?
What is the distance from the shore that the lake environment might be affected by
contaminated groundwater discharge?

2. Page 3. "Water Levels"

This section is a bit misleading. Clarify the section by including the following:

o Lake Washington water level is artificially controlled twice a year. State the
magnitude of change and effect on ground water.

o Ground-water levels in the shallow layer are affected by seasonal recharge and
biannual changes in lake levels. Retec and S. S. Papadopulous & Associates
cannot separate out the component of shallow water level fluctuations due to
seasonal recharge and changes lake level.

o Provide readers with an understanding of the hydraulic interconnection
between the shallow and deep layers. Or, refer readers to documents where
this is discussed in detail.

3. Page 3 and 4. "Water Levels"

a. Calibrate water levels to average and actual measured levels. For example,

calibrate model to measured levels shown on Figures 3-1 and 3-2. Identify
any differences in calibration results.

b. Clarify how long-term transport will be used to calibrate model. For example,
provide figure that shows model simulation of historical and present day
contaminant distribution at ground-water monitoring wells. A model to be
used to predict future contaminant concentrations should be able to re-create
historical and present day contaminant concentrations.



4. Page 4. "Compounds of Concern"

Three compounds are proposed for transport simulation based on their transport
characteristics and carcinogenic nature. Please identify and simulate the transport of
the top three compounds that are important to human and environmental risk analyses.

5. Page 5. "Model Grid and Layers"

Give examples of particular technologies that may require extremely fine grid cells.

6. Page 6. "Hydraulic Parameters"

Will the funnel and gate and pumping alternatives operate long enough to establish
steady-state conditions? Indicate likelihood that these alternatives will operate as
transitory measures.

7. Page 7. "Hydraulic Parameters"

Use past pump test data to estimate vertical hydraulic conductivity. Use measured
estimate in addition to assumed ratios.

8. Page 7. "Chemical Parameters"

As proposed on page 3, the model will be calibrated to long-term transport
conditions. Use calibration results to zero in on a realistic range of values.

9. Figure 2-1 and 2-2. Show piezometric surfaces for minimum and maximum water
levels. Show dates of water level elevation measurements. Or, refer reader to
document where this information is shown.

10. Figures 3-1 and 3-2. Show dates of water level measurements. Provide statements
on any changes to flow direction patterns based on seasonal and biannual lake level
changes. Or, refer reader to where this is discussed.



To: Brian Sato

From: Ching-Pi Wang

Date: January 17, 1997

Subj: Baxter/Quendal/JAG Subsurface Modeling Expectations

1. Utilize model sophistication comnmensurate for level of confidence in input data.

2. Provide clear illustrations of conceptual flow and transport models.

3. Provide range of model estimates for uncertainties in model input parameters.

4. Show boundary conditions and distribution of simulated hydrogeologic and transport
properties.

5. Show simulation grid(s) superimposed on conceptual models.

6. Don't feel relunctant to state uncertainties and unknowns.

7. Provide clear illustrations of simulation results.

8. Provide time and concentration predictions of contaminant transport in ground water.

9. Provide time and concentration predictions of contaminant transport to Lake
Washington via ground water.

10. Provide estimates of total contaminant flow into Lake Washington for 1, 2, 3, 4, 5,
10, 15, 20, 25, and 30 year periods.

11. Provide time and concentration predictions of contaminant transport in ground water
for each increment of subsurface remediation effort. For example, if an impermeable
cover is installed then estimate the amount of contaminant transport reduced by this
measure.

12. Provide time and concentration predictions of contaminant transport to Lake
Washington for each increment of subsurface remediation effort. For example, if a
hanging slurry wall is installed near the lake shore, then estimate the amount of
contaminant transport reduced by this measure.

13. Provide estimates of total contaminant transport and flow into Lake Washington for 1,
2, 3, 4, 5, 10, 15, 20, 25, and 30 year periods for each combination of subsurface
remediation effort.



Brian Sato
January 17, 1997
Page 2

14. Identify locations of downgradient lakeside monitoring wells in the model simulation.
Estimate contaminant concentrations at those locations for 1, 2, 3, 4, 5, 10, 15, 20,
15, and 30 year periods. Install monitoring wells in the simulated locations. Sample
the monitoring wells for the same modeling periods. Compare simulated results to
actual water quality results for the simulated time periods. Adjust simulations and
predictions, if necessary, for each incremental period if initial simulated results do not
match actual future concentrations. .

15. Provide hypothesis(es) of preferential flow path distribution. Simulate the
hypothesis(es). Provide estimates of contaminant transport and loading into Lake
Washington.

16. Provide hypothesis(es) of DNAPL distribution. Simulate the hypothesis(es). Provide
estimates of contaminant transport and loading into Lake Washington.

17. Provide hypothesis(es) of DNAPL migration. Simulate the hypothesis(es). Provide
estimates of contaminant transport and loading into Lake Washington.

18. Identify locations of monitoring wells near the edge of known DNAPL occurrences.
Install monitoring wells in the simulated locations. Estimate contaminant
concentrations at those locations. Compare simulated results to actual future
concentrations. Adjust model simulations and predictions if necessary.

19. If DNAPL areas are excavated, then compare field observations of DNAPL
distribution to model hypothesis(es) of DNAPL distribution. Adjust model predictions
if necessary.

20. Please do not hesitate to contact me for consultation or clarification. My contact
numbers are: voice: (206) 649-7134; fax: (206) 649-7098; email:
cwan461@ecy.wa.gov



MEMORANDUM

DATE: May 2, 1997TO: Brian Sato, P.E.
Ching-Pi Wang, P.E.

FROM: Stephen Codrington - RETEC RE:

Mike Riley - Papadopulos
Port Quendall Project - Follow up
to 4/22/97 Ecology meeting

This memorandum provides follow up to our April 22 meeting regarding the
groundwater modeling memorandum (April 4, 1997).

1 Purpose

The groundwater model memorandum discussed the objectives of the groundwater
modeling effort. However, these objectives should be viewed within the context of the
project as a whole. The groundwater modeling serves two purposes within the project
scope: evaluation of remedial alternatives and contaminant transport analysis. The level
of detail in the model and the modeling effort is limited to the level of analysis sufficient
to achieve these purposes.

Analysis of Alternatives: At the time that the groundwater memorandum was
prepared, the final list of remedial alternatives was not finalized. Since that time, a list
of six remedial alternatives have. been scoped (Memorandum from John Ryan to Brian
Sato, dated April 21, 1997). Additional alternatives will be developed as we get more
input from the stakeholders. The groundwater model wi.ll be used to evaluate the

relative benefits ofeach alternative with respect to groundwater containment at the site
(Table I). Each alternative consists of one or more remedial technologies. The

groundwater model will be applied to each alternative and will simulate the effect of all
the technologies that make up an alternative. For instance, if an alternative includes

both a containment wall and an upland cap, the model will be modified to simulate the
combined effect of a cap and wall on groundwater containment. Alternatives will be
compared using particle tracking analysis to predict exposure points, velocities, and
travel times from selected areas of the site to Lake Washington.

Contaminant Transport Analysis: Action levels for groundwater cleanup
alternatives can be determined at selected well locations and depths based on the
groundwater model and a transport analysis. Predictions of flow characteristics are a
normal output from the modeling effort and will form the basis of the transport analysis.
There are several approaches that can be applied in a transport analysis including
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numerical modeling, analytical modeling, or travel-time-based analysis. The approaches
differ with respect to the level of effort and the detail in output. Our approach is to
select a transport analysis that is sufficient for determining containment of groundwater
and action levels that indicate when additional remedial technologies have to be
implemented in order to protect water quality in Lake Washington. The most cost­
effective method of achieving this end is the travel-time-based analysis.

A more detailed discussion of the advantages and disadvantages of the different
approaches is provided below in Section 5.

2 Calibration

Issues related to calibration of the model were limited to selection of an appropriate
calibration data set and comparison to hydraulic properties used in previous modeling
efforts in the project area (Hart Crowser, Draft Remedial Investigation Report for
Quendall Terminals, October 1, 1996).

Water levels: At the request of Ecology, a two-step calibration will be done using
water level data collected during August 1995 and January 1996 (Figures 1 and 2). The
wells illustrated in figures 1 and 2 are all shallow wells with the exception of BH-17B,
BH-18B, BH-20B, BH-21B and BH-5. The data sets were selected to represent high and
low water levels at the site corresponding to the summer dry season and the winter rainy
season in the Seattle area. Model calibration will consist of changing recharge and
boundary conditions to achieve a subjective "best fit" between predicted and measured
water levels without changing hydraulic properties of the aquifer between calibration
steps. Application of the model for the analysis of alternatives will be done using average
recharge and boundary conditions from the two steps in the model calibration, since the

average annual conditions are representative of long-term groundwater flow and
contaminant transport at the project area.

Hydraulic conductivity: Ecology requested that a comparison be made between the
current modeling and previous modeling at the site (Hart Crowser, Draft Remedial
Investigation Report for Quendall Terminals, October 1, 1996). Since previous
modeling consisted only of a simplified, two-dimensional model, a direct comparison to
the current three-dimensional modeling effort is not appropriate. However, a
comparison of the hydraulic properties used in each model can be made. At this time,
it is expected that the horizontal hydraulic conductivity of the silty-peat layer used in
the current model will be greater than that used in the previous modeling. The higher
value is consistent with the geometric mean of hydraulic conductivity data computed by
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Hart-Crowser. However, a lower value was used in their model. The previous modeling
also used two values for the horizontal hydraulic conductivity for the sand layer. It is
expected that the current model will use a single value for the sand layer that is expected
to be similar to the geometric mean of the two values used previously.

At the request of Ecology, the use of ratios between horizontal and vertical hydraulic
conductivities was revisited. There are no data supporting the vertical hydraulic
conductivity value used in the previous modeling effort. The selected values indicate
that a simple 10:1 ratio was used between horizontal and vertical hydraulic conductivity.
Previous work by Woodward-Clyde (Remedial Investigation Report, Baxter Property,
December 1990) shows estimated vertical hydraulic conductivities for fine-grained layers
in the range of 0.05 and 0.005 ft/day, The simple ratio of 100: I proposed in our
modeling effort results in a vertical hydraulic conductivity in the silty-peat layer that
falls within this range.

3 Compounds of Concern

Ecology requested more detail on the process for selecting compounds of concern. The
compounds were divided into groups based on properties and chemical structure. This
results in a set of light, volatile hydrocarbons (BTEX group); light semi-volatile
polycyclic aromatic hydrocarbons of two or three rings (LPAHs), and heavy semi-volatile
polycyclic aromatic hydrocarbons of four or more rings (HPAHs). The objective was to
select the compound that was most easily transported, had the highest concentration,
and the greatest threat to human health and the environment. Transport potential was
determined by comparing literature values for retardation rates with low retardation
rates indicating more readily transported compounds. The highest concentration
observed for a compound in ground water at the site was used in the comparison. The

comparison of the threat to human health and the environment was made by comparing
reference dose for non-carcinogens and cancer slope factors for carcinogens. Between
carcinogens and non-carcinogens in a group, the preference was to consider carcinogens
as a greater threat.

Among the BTEX compounds, benzene is found at the highest concentration, is the most
readily transported, and the only carcinogen in the group. Consequently, benzene was
selected as a compound of concern.

Among the LPAHs, naphthalene is found at the highest concentration and is the most
readily transported. Naphthalene does not have the highest reference dose, but the
concentration is so much greater than the other LPAHs, that it was selected as the
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primary compound of concern for this group. Since none of the LPAHs are carcinogens,
this was not a factor in the selection.

The HPAHs show a wide range of variability in retardation rate, health factors, and
concentration. Of the carcinogens, bcnzofajpyrene is considered the most significant.
However, chrysene is found at higher concentrations and has a considerably lower
retardation factor. Consequently, it is more readily transported although it has a slightly
lower carcinogenic potential. Based on this, chrysene was selected over benzo(ajpyrene
although either could have been selected. At this time, it is proposed to include both in
the transport analysis.

The final compound of interest in the project area is pentachlorophenol. It is found only
in one small area within the project boundaries and at concentrations below the MTCA
Method B formula values for non-carcinogens in surface water. Consequently, it was not
proposed for the transport analysis. However, this may change depending on the
approach selected for the transport analysis.

The data used for the selection of compounds of concern was presented in Table 5-1 of
the groundwater memorandum and provided here as Table 2.

4 Analysis of Alternatives

The groundwater flow model will be used to analyze the various alternatives under
consideration for the site (see Table 1). All alternatives involve some level of source area
removal, although the extent of this action varies among the alternatives. Four
alternatives include some form of containment wall and five alternatives include capping
of some areas with soils above MTCA Method B concentrations. Comparisons among

the alternatives will be made using particle path analysis to show how an alternative

affects flow paths andtravel times between areas with elevated concentrations in ground
water and Lake Washington. In addition, particle tracking will be used to illustrate the
capture zone and effectiveness of backup pump-and-treat systems. Particle tracking
analysis is a well accepted and effective method for computing travel times and
estimating capture zones.

The following is a brief discussion of each alternative and how the alternatives will be
simulated in the model.

Alternative A: This alternative consists of only source area removal including all soils
above MTCA Method B concentration. From a groundwater modeling standpoint, this
is the no action alternative as extant ground water at the site will not be contained or
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removed and no physical barriers or caps will be used to impede or reduce groundwater
flow. All other groundwater alternatives will be compared to this alternative to illustrate
the relative effectiveness of the various controls included in the other alternatives.

Alternative B: This alternative includes more limited soil removal than Alternative A.
Soils above a concentration that is protective of ground water will be removed and those
areas with soil above MTCA Method B will be capped. There is no practical difference
between alternative A and B in the context of groundwater flow.

Alternative C: Alternative C consists of soil removal in areas containing DNAPL and
capping of soils that exceed MTCA Method B concentrations. IR addition, a slurry wall
will be installed along the shoreline to prevent DNAPL seeps to the lake. The slurry wall
will be analyzed by computing the harmonic mean hydraulic conductivity in the model
along the proposed alignment of the slurry wall. The harmonic mean will be computed
from the thickness and design hydraulic conductivity for the slurry wall and the
calibrated hydraulic conductivity in the area of the slurry wall. Different wall depths will
be simulated to determine the benefit of a deeper wall along the shoreline. Particle
tracking and travel-time analysis will be used to illustrate changes in groundwater flow
to Lake Washington.

Alternative D: This alternative only differs from Alternative C by including a
contingent groundwater pump and treat system. The contingent groundwater pumping
system would be used in the event groundwater exceeds action levels at a conditional
point of compliance. The model will be used to design pump rates and capture zones
for areas that are not protective of groundwater quality. Particle tracking will be used
to illustrate the capture zone at the preferred pumping rate. Groundwater treatment by
biosparging can be included in this model to show pathways and travel times through
the biosparging zones. Locations for these zones will be taken from proposed wall
designs. The actual effect of these zones will only be addressed in the transport
modeling by changing the degradation rate in and beyond the biosparging zone.

Alternative E: This alternative is essentially the same as Alternative Cexcept that the
slurry wall has a slightly different alignment by extending slightly offshore. This change
in alignment is not expected to change the model results. A test case for one wall depth
will be run and compared to Alternative C results. If the travel times are essentially the
same as those from Alternative C, then no other additional groundwater modeling will
be required and results from Alternative C for different wall depths will be used.
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Alternative F: This alternative is essentially the same as Alternative E and
consequently no additional groundwater modeling is required for this alternative.

5 Transport Analysis

As discussed in Section I above, there are several approaches to the transport analysis
that could be applied for this project. The approaches vary primarily by the level of
effort and the detail in the output. Basically, the approaches fall into three general
categories: numerical models, analytical models, and travel-time analysis. Each of these
are discussed below.

Numerical models: These provide the most detail on distribution, transport, and
chemical fate of compounds included in the model analysis. Numerical models also
require the greatest level of effort. Consequently, there is a trade-off between what the
model provides and the level of effort required. Numerical models are appropriate where
there is a need for prediction of long-term trends and variation in plumes over large
areas. They are particularly necessary where heterogeneities are too great to be
adequately incorporated in more simplified analytical models.

Output from numerical models consists of predication of concentration over space and
time. This information shows:

• Estimates of plume orientation over time and potential for downgradient users
to be affected

• Estimates of time for cleanup for different remedial alternatives where cleanup
as opposed to containment is the objective of the remediation

• An estimate of the concentration at extraction wells for design of treatment
systems

While other methods can be used to make some of these estimates, numerical modeling
provides the most rigorous approach as it incorporates the greatest amount of site detail
in the analysis.

Analytical models: Analytical models are appropriate for analysis of homogeneous
sites with simple groundwater flow patterns. Since analytical models are limited to
uniform flow fields and homogeneous conditions, they are not appropriate for the
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present case where both vertical and horizontal flow are potentially important
contaminant transport pathways and hydraulic properties vary vertically.

Travel-time analysis: This is basically a spread-sheet analysis using particle path
analysis from the groundwater flow model to assess the time of travel from one point to
another. Retardation rates are used to predict the difference in travel time for different
compounds. Degradation rates are used to predict the degradation of the compound
over time between the points of interest. Since the analysis is done on a spread-sheet
and not in a detailed numerical model, there is little additional effort required to include
more compounds in the analysis. Consequently, the compounds of concern could be
expanded to include all the compounds in Table 2 with little additional effort.

The travel-time approach is a simplified transport analysis using the output from the
groundwater flow model. Consequently, it makes maximum use of site data, while
provided a cost-effective means of estimating the change of concentration over localized
areas. This approach is appropriate for determination of action levels at selected points
such as existing monitoring wells based on the travel time and degradation between the
well and a point of exposure.

The procedure for applying this method requires several steps that begin with application
of the groundwater flow model:

1) Run groundwater flow model to generate flow field for a remedial alternative.
2) Run particle tracking from selected points of interest to determine points of exposure

and hydraulic travel time.
3) Prepare data for retardation factors and degradation rates for compounds of concern.
4) Import predicted travel time results into the spreadsheet.
5) Use the spreadsheet to predict compound-specific travel times from the retardation

factor.
6) Use the compound-specific travel time to predict the concentration at the point of

exposure for the degradation rate ofthat compound.

There are several advantages of this approach for the prediction of action levels:

• Site-specific flow dynamics from the ground-flow model can be used

• Compound-specific retardation and degradation rates can be incorporated.
These may be generated from laboratory testing, data analysis, or literature
values, as appropriate
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• A relatively large number of compounds can be investigated rather than just
a few selected compounds of concern

• Retardation factors and degradation rates are easily modified to test sensitivity
of estimates

Based on these advantages, the cost-effectiveness of the approach, and the focus of the
analysis on determining action levels, the travel-time approach is both adequate and
appropriate as a transport analysis for the Port Quendall Development project.



Table 1 Conceptual Remedial Alternatives

Soil Sediments Groundwater Containment Cap Institutional Mitigation
Wall Controls

A excavation/treatment removal/treatment of natural none none groundwater wetland
of soil greater than more than 50% wood attenuation monitoring replacement
Method B waste, PAH> lOOppm

B excavation/treatment same asA same as A none soils greater monitoring same as A
of soil greater than than Method and legal
Groundwater B regulatory
Protection Standard devices

C excavation/treatment same asA biosparging upland same as B same as B same asA
of DNAPL soil hanging wall

0 excavation/treatment same as A Biosparging same as C same as B same as B same asA
of nearshore DNAPL and

groundwater
treatment

E hazardous waste same as A 0+ DNAPL nearshore same as B same as B A+
removal Recovery hanging wall nearshore

F no removal/waste removal of more than same as E same as E B+ B + sediment same as E
stabilization 50% wood waste ~ediments monitoring



Table 2 Compounds of Concern In ground water samples

Reference Dose Cancer Slope Factor
Max. Cone Solubility Limit Retardation #ot Mg/Kg/Day M9/Kg/Day

Detections Analyses Detection % (uglL) mglL Factor Rings Oral Ref. Inhalation Ref. Oral Ref. Inhalation Ref. Carcinogen

Pentachloroohenol 3 130 2% 630 5mg/LllnO'C I 14mg/Llln20'C 7 1 3.00E-02 R 1.20E-Ol R - R - R No
Benzene 37 113 33% 14000 17BOmg/L@20'C 1 1 - R 1.70E-Q3 R 2.90E-02 A 2.90E-02 A Yes
Toluene 54 lOB 50% 3400 470mg/L@16'C 1515 mg/L@20'C 2 1 2.00E-Ol A,R 1.14E-Ol - - R . R No
Ethylbenzene 38 113 34% 3BOO 140mglL@15'C/152mglL@20'C 6 1 1.00EcOl A 2.B6E-Ol A - R - R No
o-Xylene 10 26 38% 510 175 mg/L@20'C NA 1 2.00E+00 R 2.OOE-O1 R - R - R No
rn-,p-Xylene 12 26 46% 1000 19BmglL@25'C(p-xylene) NA 1 NA NA NA NA NA NA NA NA No
xYlene (total) 44 106 42% 7BOO NA 2.00E+00 A,R 2.00E+00 A . R - R No
Naphthalene 72 121 60% 43000 31-34mg/L in dlstUledwater@25'C 7 2 4.00E-03 A 4.00E-03 A - R - R No
Accnaphthene 59 121 49% 1900 NA 23 3 6.00E-02 R 6.00E-02 R - R - R -
Acenaphthylene 25 121 21% 2300 3.93 mg/l In dlstilled@25'C 13 3 4.00E-03 . 4.00E-03 - - - - - No
Anthracene 35 121 29% 1200 .075 mg/L@15'C 69 3 3.00E-Ol A 3.00E-Ol R - R - R No
Fluorene 56 121 46% 2200 1.9 mg/L@25'C 36 3 4.00E-02 A 4.00E-02 A - R - R No

Phenanthrene 50 121 41% 6200 1.6mg/L@15'C 69 3 4.00E-03 - 4.00E-03 . - - - - No

Benzo(a)anthracene 31 121 26% 1100 0.044mgll@24'C (practical grade) 6,704 4 - R - R 7.30E-Ol R 6.10E-Ol R Yes

Chrysene 29 121 24% 1700 0.0015@15'C/0.006mg/l@25'C 972 4 - A A 1.15 A 1.15 A Yes

Fluoranthene 46 121 38% 2800 0.120mglL@24'C (99%purity) 186 4 4.00E-02 A 4.00E-02 A - R - R No

IPyrene 41 121 34% 2400 0.032mg/L (practical arade) 186 4 3.00E-02 R 3.00E-02 R - R - R No

Benzo(a)pyrene 33 121 27% 1700 NA 26,715 5 - R - R 7.3 R 6.1 R Yes

Benzo{b)f1uoranthene 14 47 30% 50 NA 2,672 5 - R - R 7.30E-Ol R 6.10E-Ol R Yes

Benzo(k)f1uoranthene 12 59 20% 46 NA 2,672 5 - R R 7.30E-02 R 6.1OE-02 R Yes

Dibenz(a,h)anthracene 14 121 12% 420 NA 16,030 5 - R - R 7.3 R 6.1 R Yes

Benzo(g,h,i)pcl}'lcne 15 121 12% 1000 NA 7,772 6 4.00E-03 - 4.00E-03 - - - - - No

lndeno{1,2,3-cd)nvrene 14 76 18% 830 NA 7,772 6 - - - - 7.30E-Ol . 6.10E-Ol - Yes
Dibenzofuran 37 99 37% 1500 NA 55 4.00E-03 R - R - R - R No

NOTES:
The detections and analysis statistics are compiled from the Retec database for Quendall Properties

Retardation factors are tabulated in Table XX, shown in appendix XX.

References
R - US EPA Region III Risk Based Concentration Table, EPA Region 3, March 7,1995
A - Emergency Standard GUide for Risk Based Corrective Action Applied at Petroleum Release Sites, ASTM, ES 3B-94
Solubility Limit taken from "Handbook of Environmental Data on Organic Chemicals, 2nd Edition, Karel Verschueren, Van Nostrand Reinhold, New York, 1983

tab2 5/2/97
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Appendix A10

Model Calibration Documentation



Appna8

Calibration Water Level Data Sets

Well Coordinates Model Water Level (ft MSL)

10 East-West North-5outh Layer Average Aug-95 Jan-96

B-1 1662691 196518 Silt-peat 22.30

B-3 1662949 196509 Silt-peat 22.40

BAX-1 1662958 197926 Silt-peat 16.88

BAX-1O 1663122 198530 Silt-peat 17.55

BAX-l1 1662854 197932 Silt-peat 16.88

BAX-IA 1662967 197944 Silt-peat 16.91

BAX-5 1662502 198159 Silt-peat 14.77

BAX-6 1663129 198833 Silt-peat 14.13

BAX-7A 1663462 197963 Silt-peat 24.60

BAX-8A 1662527 198031 Silt-peat 15.70

BAX-9 1662585 197762 Silt-peat 17.16 16.66 17.64

BH-12 1661825 197122 Silt-peat 18.33

BH-17A 1662512 196838 Silt-peat 20.13 19~0 20.98

BH-18A 1662281 197707 Silt-peat 16.24 15.20 17.37

BH-19 1662102 197650 Silt-peat 15.07 14.94 15.13

BH-20A 1662029 197396 Silt-peat 15.40 15.51 15.08

BH-21A 1661758 197052 Silt-peat 14.62 14.99 14.58

BH-22 1662937 197562 Silt-peat 19.96

BH-23 1662367 197566 Silt-peat 18.23 16.51 18.72

BH-24 1662381 197850 Silt-peat 16.34 15.61 16.69

BH-25A 1662307 197149 Silt-peat 18.61 17.82 18.93

BH-26A 1662026 196848 Silt-peat 17.96 16.96 18.57

BH-27 1662698 197423 Silt-peat 18.88 17.94

BH-28 1661940 197219 Silt-peat 16.82 16.00 16.87

BH-5 1662129 197508 Silt-peat 17.17 15.58 16.55

BH-5A 1662110 197486 Silt-peat 17.17 15.97

GB-l 1663000 196205 Silt-peat 29.20

BH-17B 1662511 196838 Sand 18.14 18.08 17.94

BH-18B 1662281 197707 Sand 16.89 16.99 16.56

BH-20B 1662028 197395 Sand 16.66 16.79 16.30

BH-21B 1661757 197052 Sand 16.26 16.40 15.88

BH-25B 1662306 197149 Sand 17.45

BH-26B 1662025 196847 Sand 16.94

12/17/97



Table 2-4 Calibration Statistics

Root Mean
Calibration Number of Mean Residual Square Correlation

Data Set Layer Observations (tt) Residual (tt) Coefficient
August-95 Silt-peat 14 1.01 1.11

Sand 4 -0.28 0.17
All 18 0.78 0.98 0.846

]anuraxy-96 Silt-peat 12 -0.23 0.76
Sand 4 -0.11 0.27
All 16 -0.20 0.67 0.932

Average Silt-peat 27 -0.14 2.23
Sand 6 -0.03 0.17
All 33 -0.11

~

2.02 0.829

ch2tabs 7/3/97
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